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1. Summary mixing data recorded during SNIF-IIl, whereas infor-
mation regarding the SOH,S0O,, and HNQ obser-

. vations will appear in a later journal article.
We documented results from the June 1997 Third PP J

Subsonic Assessment Near-Field Interactions Flight _
(SNIF-I11) Experiment. The primary objectives of the 2. Introduction
SNIF-IIl experiment were to determine the partition-
ing and abundance of sulfur species and to examine
the formation and growth of aerosol particles in the may have a detrimental effect on the global environ-
exhaust of F-16 aircraft as a function of atmospheric ,ant NASA initiated a maijor research effort—the
and aircraft operating conditions and fuel sulfur con- Subs,onic Assessment (SASS)—aimed at characteriz-
centration. This information is, in turn, being used 10 jh4 \what effect the current commercial aircraft fleet
address questions regarding the fate of aircraft fuely g on atmospheric chemical and radiative processes
sulfur impurities and to evaluate the potential of their 5,4 \what effect it may have in the coming years as air
oxidation products to perturb aerosol concentrationSy.agsic increases. A portion of the SASS effort has con-
and surface areas in the upper troposphere. SNIF-lll.antrated upon characterizing and quantifying the

included participation of the Vermont and New Jersey giract particulate and gas phase emissions of aircraft at
Air National Guard F-16's as source aircraft and the o jjse altitudes and determining how exhaust plume
Wallops Flight Facility T-39 Sabreliner as the sam- chemistry and microphysics are influenced by interac-

pling platform. F-16’s were chosen as a source aircraftijon \ith the aircraft's trailing wingtip vortices. Of
because they are powered by the modern F-100 Seri€s,icylar interest is determining the atmospheric fate

220 engine, which is projected to be representative Ofpt the sylfur contained as an impurity in jet fuel.
future commercial aircraft engine technology. The |nyestigations focusing on these “near-field” concerns
T-39 instrument suite included sensors for measuring,qre solicited under NASA NRA 94-0A-01, and our
volatile and nonvolatile condensation nuclei (CN), group was selected to conduct an airborne investiga-
aerosol size distributions over the range from 0.1¢on of aircraft aerosol emissions and wake/plume
t0 3.0pm, 3-D winds, temperature, dewpoint, carbon cpapacteristics by using a small business-class jet (the
dioxide (CQ), sulfur dioxide (S@), sulfuric acid  \yqjiops T-39 Sabreliner), instrumented with fast
(H50y), and nitric acid (HNQ. The experiment eqnonse meteorological, trace gas, and aerosol sen-
included a series of six flights which tested the influ- ¢4 T4 date, four successful flight series have been
ence of fuel sulfur content (FSC) on F-16 aircraft vola- ¢onqycted, results from which have been discussed in

tile aerosol emissions. On any particular flight, one  merous oral presentations and in peer-reviewed
F-16 burned standard JP-8 fuel (the same fuel used fofournal articles (Anderson et al., 1998a; 1998b:

all flights) whereas the other burned a Jet A mixture Miake-Lye et al., 1998). In addition to our suite of

containing a low, medium, or high concentration of S jaasyrements, the group from Air Force Phillips Lab-
impurities. (The same aircraft were in each flight.) For oratory, headed by Dr. Al Viggiano, was funded under
each fuel mixture, separgte flights were performed at\ra-94-0A-01 to provide chemical ionization mass
30000- and 35000-ft altitudes to access a range Okpeciral (CIMS) measurements of gas phase sulfur
atmospheric temperatures, pressures, and MOISiUrgpecies aboard the T-39 during the airborne investiga-
contents. In addition, the aircraft were sampled at twoyjns. Together, our groups instrumented the T-39 and,
different power settings at each altitude to evaluate theoy participating in the Subsonic Assessment: Cloud
effect of engine operating conditions upon trace spe-5ndq Contrail Effects Special Study (SUCCESS), con-
cies congentrations within the exhaust._SampIing WaSqycted the highly successASSNear-fieldInterac-
systematically performed at varying aircraft separa-jonsflight (SNIF) Experiment series. Table 1 lists the
tions to access plume ages ranging from 0.2 10 20 SeCyte5 measurements, and types of aircraft sampled for
the four missions (SNIF-1, SNIF-Il, SUCCESS, and
The following text, tables, and figures summarize SNIF-IIl). Some general objectives for these missions
the aerosol observations recorded during SNIF-11l andwere (1) to quantify (i.e., obtain emission indices for)
provide a more thorough description of the experimentthe soot and volatile particle emissions of subsonic air-
and its rationale and objectives. A separate report willcraft at cruise as a function of operational and atmo-
provide a summary of the wake/plume turbulence andspheric conditions; (2) to determine whether the

Because of concern that aviation-related emissions



volatile particles seen in aircraft exhaust are composecdhigh and low sulfur fuels, respectively. These values,
of sulfur species; (3) to determine the partitioning of S coupled with concurrently recorded aerosol sizing
in aircraft plumes between S(IV) and S(VI) species information and gas phase sulfur measurements, indi-
and to examine variations as a function of aircraft cated that 15 to 30 percent and 6 to 9 percent of the
operating and environmental conditions; and (4) to sulfur impurity in the high and low fuel S cases,
obtain wake/plume dynamics measurements for modekespectively, were oxidized directly to sulfuric acid in
testing and validation. the near-field behind the aircraft (for additional
details, see Miake-Lye et al., 1998). These findings
confirm that, as implied by the measurements of high

The SNIF-I Experiment was conducted primarily volatile aerosol concentrations in the Concorde wake
to test the suite of instruments aboard the T-39 and to

develop strategies for sampling within the turbulent (Fahey et al., 1995), much higher concentrations of

wakes of much larger aircraft. During SNIF-II and S(VI) species are generated by aircraft than can be

SUCCESS, various aircraft plumes were sampled ataccounted for by simple OH oxidation in the near-field

altitudes ranging from the surface to 13 km, in contrail plume. In ‘?‘dd'.“"”’ the obser\{ed increased efficiency
and noncontrail conditions, and at ages of 0.2 of S(IV) oxidation to S(VI) at higher fuel S concentra-

to 100 sec. Over 1000 plume crossings were accom{ONS: as indicated by measurements of; 3O the

plished. Aircraft at cruise were found to produce 0.5 exhaust plume, also C(.)r?ﬂic'[s with model predictions
to 10 x 105 nonvolatile (presumably soot) particles and suggests that additional (perhaps heterogeneous)
kg™l of fuel burned. These were typically 20 to mechanisms are required to account for the high levels

100 nm in diameter, and their numbers varied as amc sulfuric acid seen in the aircraft plumes.

function of aircraft type and age along with engine
operating parameters but not significantly with atmo- 3. SNIF-11l Experiment
spheric conditions or plume age. In addition, high con-
centrations (emission indices of 0.1 tox0% kg™

fuel burned) of volatile aerosols were observed within
all aircraft plumes. These particles were, except under
contrail producing conditions, typicallg20 nm in
diameter, and their numbers varied as a function of
atmospheric conditions, plume age, and fuel sulfur
content. Their apparent hydrophilic nature and thermal
characteristics are consistent with their being com-
posed of condensed S species (Anderson et al.
1998b).

3.1. Description

SNIF-IIl was conducted during May and June
1997 in collaboration with the Vermont (VANG) and
the New Jersey Air National Guard (NJANG) Units
located in Burlington and Atlantic City, respectively.
In order to obtain a better understanding of fuel-S oxi-
dation and particle formation and growth processes,
the primary focus of the campaign was to obtain care-
ful aerosol and sulfur species measurements in the
exhaust of F-16 aircraft equipped with F-100 engines
In order to further establish the volatile particle burning fuels with a range of fuel S concentrations at
composition and to quantify the fraction of fuel sulfur different altitudes and engine power settings. The
released as S(VI) species for a typical commercial air-F-100 engine was chosen both because it is anticipated
craft, we performed a carefully controlled fuel sulfur to be representative of future commercial aircraft
experiment during the 1996 SUCCESS campaign. Theengine technology and because it was possible to
Langley B757 center and left wing tanks were fueled obtain comparative measurements of trace gas and
with Jet A containing70 ppm S whereas its right aerosol measurements behind one mounted in an alti-
wing tank was filled with the same fuel containing an tude test cell at NASA Lewis Research Center
additive which brought its sulfur content up to (Wey etal., 1998). As shown in table 2, 10 missions
(0700 ppm. The aircraft was flown in a racetrack pat- were flown in which the exhaust plumes from 9 differ-
tern at cruise altitudes where it was followed closely ent F-16 aircraft were sampled.
by the T-39. The B757 alternated burning the low or
high sulfur fuels in both engines or low sulfur fuel in Flights with VANG aircraft took place in
the left engine and high sulfur fuel in the right. Aver- restricted airspace over Vermont and New Hampshire
age emission indices 62 x10'®and 1x 10'°volatile ~ whereas those with the NJANG took place in oceanic
particles kgt of fuel burned were calculated for the warning areas to the east of New Jersey and Delaware.
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On flights 5, 6, 7, and 10, seven different aircraft burn- sampled as a function of plume age (e.g., aircraft sepa-

ing either JP-8 or JP-8+100 were sampled at differentration) at two different power settings, 78 percent and

altitudes, power settings, and separation distances888 percent at 30000 ft, and 78 percent and 85 percent

(i.e., plume ages). Because these aircraft were selectedt 35000 ft and higher.

at random and some had been refueled in-flight by

tankers_ from different Guard Units, it was not possible 3.2 Methods

to obtain fuel samples for sulfur analyses. Thus, these

data are primarily useful for establishing differences in _ . ,

soot characteristics between standard military fuel and The Wallops F.“ght Facility T'39. Sabr(_allner was
used as the sampling platform (see fig. 1); it has a ceil-

fuel containing thet100 additive that is supposed to | ¢ K d of h . d
reduce “coking” within the aircraft's afterburners. ing of 13 km, FPP speed o 0.8 Mach at cruise, an
payload capability for carrying three standard racks of

instruments, two pilots, and two observers. The air-
The same pair of NJANG aircraft were sampled craft has been modified with wing pylons to carry
on the six missions conducted between June 25 angerosol scattering spectrometer probes, radome pres-
June 27. During these flights, one aircraft acted as asure ports to provide vector airflow information,
control, burning the same JP-8 fuel with #8857 ppm  forward-looking video, and holes in the roof and belly
S in all cases, while the second aircraft burned afor mounting sample inlets and optical devices. The
mixture containing either a high, medium, or low level aijrcraft also carries an inertial navigation and global
of sulfur impurities. These latter fuels were obtained positioning system receiver to provide platform
by purchasing two different batches of commercial Jetmotion in addition to pressure, temperature, and

A fuel, one with the higher level of S (94238 ppm)  humidity sensors to establish altitude and ambient
and the other with low S (146 34 ppm) content. The meteorological conditions.

two fuels were then mixed to produce the medium S
(527 + 14 ppm) fuel. Results of laboratory analyses of  The pasic instrument suite, summarized in table 1,

these fuels performed by the Air Force Lab in B"j‘thv included a nondispersive infrared g@nalyzer, a pas-
Maine, are shown in table 3. We note that the FSC's ofgjye cavity aerosol spectrometer probe, two ultrafine

the high and medium S fuels differ substantially from .yndensation nuclei counters (CNC’s; TSI model
values reported by Wey et al. (1998) for the samegpy5)  and three standard condensation nuclei
fuels. Their tests, performed by Wright-Patterson Lab- cqynters (TSI model 3760). A chemical ionization
oratory, indicate that the high and low S fuels con- y 55 spectrometer was also flown to quantify plume
tained 1113 ppm and 18 ppm S, respectively. Theqqoncentrations of reactive gas phase nitrogen and sul-
cause for these differences is unknown. fur species (Miake-Lye et al., 1998). In addition, a
24-channel aerosol impactor was flown to collect par-
In order to meet specifications for use in Air Force ticle samples on copper grids for subsequent analyses
F-16's, thermal conductivity, anti-corrosion, and anti- by electron microscopy; results of these analyses will
icing additives were mixed into the Jet A fuels before appear in a separate report. Inlets for these extractive-
they were introduced into the aircraft. This process sampling instruments were located on the aircraft roof
essentially converted the Jet A fuel to standard JP-8at approximately midship (fig. 2).
In flight, the two aircraft were sampled under the same
environmental and aircraft operating conditions so that  The CGQ monitor was operated at a constant tem-
the primary difference in emission characteristics perature and sample pressure. The monitor has a
could be related to the amount of sulfur in their fuels. response time dfb Hz, a precision of 0.1 ppmv, and
Table 4 shows the test matrix followed in sampling the was calibrated periodically during each flight by using
F-16's during flights 14, 15, 17, 18, 19, and 20. Two NOAA Environmental Research Laboratory stan-
flights were conducted for each fuel mixture, one at dards. Both types of CNC’s hau& Hz response time
30000 ft and the second at 35000 ft or higher in orderand are butanol-based and thus insensitive to particle
to characterize emissions in noncontrail and contrailsolubility. Extensive laboratory characterizations and
forming conditions, respectively, and at different tem- calibrations indicate that the ultrafine (UF) and fine
peratures, pressures, and water vapor concentrationgF) CNC’s have 50 percent size cutoffs at 4 nm and 18
During each flight, the source aircraft exhaust wasto 20 nm, respectively, when operated in the flight
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configuration (Cofer et al., 1998; also see fig. 3). A 1995) and by linear regression analysis. Because the
third standard CNC was flown during SNIF-IIl and CO, and aerosol instruments had similar response
operated at a lower saturation temperature to obtairtimes (see fig. 1), the two methods yielded similar
additional information on the size distribution of the results except in cases where the variability ob @O
volatile particles. To prevent saturating these instru-the background air was comparable to its concentra-
ments in the highly concentrated aircraft exhausttion change within the plume. These incidences were
plumes, sample air was withdrawn from a sampling eliminated by limiting our analyses to only those cases
manifold through a critical flow orifice and immedi- which exhibited &4 ppmv or 1 percent CQenhance-
ately diluted by a factor of 10 to 50 with a concentric ment above background levels. We estimate that the
flow of filtered cabin air. This dilution provided the EI's presented below have an absolute accuracy of
secondary benefit of allowing the CNC’s to be oper- £50 percent and a relative precisiont@D percent.

ated at constant sample pressure and volumetric flow.

The instruments are arrayed so that one each of th% 3 Results

ultrafine and standard CNC’s share a common inlet ™" "

which can deliver a sample either at cabin temperature )

(CRO°C) or can be heated to 3Wby passage through Tables 5 through 14 provide data for .egch of the
a 15-cm heat-tape wrapped tube. This arrangemenP’8 F-16 plume encounters that exhibited ,CO
allows quantification of total aerosols >4 nm and €nhhancements ob4 ppmv and linear correlation
>20 nm, along with the number of nonvolatile, pre- Coefficients between Cfand the aerosol species of
sumably soot particles and, by difference, volatile m_terest 060.7. The I!sted information includes source
aerosols in the same size categories. Values for thes@ircraft power settings (percent), plume crossing
parameters reported here have been corrected for thémes, peak widths (sec), the flight altitudes (f),
reduced efficiency of the CN counters at lower operat-ambient temperaturé), temperature enhancements

ing pressures and for particle losses within the inletWithin the plumesC), ambient dewpoint’C), peak
and sampling transport system. CO, enhancements (ppmv), and emission indices for

total ultrafine (UF), nonvolatile ultrafine (NUF),
. _ _total fine (F), and nonvolatile fine (NF) particles
The distance between the source and sampling air{1 x 105/kg fuel burned). Plume ages are provided for
craft was established in the following manner. The most of the cases where the low, medium, and high S
T-39 and collaborating Air National Guard F-16 air- fyels were burned and in tables 6 and 7, which present
craft carried air-to-air TACAN transceivers that pro- gata from flights in which more than one aircraft was
vided a display of aircraft separation that was precisesampled; the aircraft number is also given. Plume/Air-
to about 100 m. Distances closer than 100 m were estizraft conditions presented in the tables for the 10
mated by the pilots. Because the TACAN units did not flights and 9 different source aircraft include power
provide an electronic output, distance information was settings ranging from 70 percent to 100 percent with
called out periodically by the pilot over the aircraft aeterburners, altitudes from 23000 to 39000 ft,
intercom and written down as a function of time by the gmpjent temperatures frosL9 to —60°C, dewpoints

instrument operators. Because the aircraft separatiofrom -24 t0-61°C, and CQ enhancements from 4 to
was changing very slowly, this technique introduced 1900 ppmv.

only a slight additional error in precision.

Table 15 summarizes the data from tables 5
Aerosol emission indices (El), in terms of number through 14. These summaries were prepared by sort-

of particles produced per kg fuel burned, were calcu-ing the data according to flight, aircraft, power setting,
lated from plume crossing data such as that shown irfuel type, and altitude and then by calculating statistics
figure 4 by finding the enhancement ratios of aerosolfor the corresponding plume crossings. Values are pre-
species i to CQ dNi/dCGO,, and by assuming that the sented for total number of crossings represented in the
fuel combustion is 100 percent efficient. Jet fuel is statistics along with the average altitudes, ambient
nominally 86.3 percent carbon by weight, which pro- temperatures, and dewpoints. In addition, averages,
duces an EIl of 3160 g Gfg fuel. Values of dNi/ median values, and standard deviations are provided

dCO, for individual plume crossings were calculated for the UF, NUF, F, and NF particle emission indices.
both by ratioing integrated peak areas (Fahey et al.Jn cases where the medium or high S fuels were

4



sampled, the statistics represent data from plumes Besides fuel, other parameters that varied during

which were>5 sec old. the SNIF-III flight series include time since engine
maintenance, engine power setting, altitude, and
3.3.1. Nonvolatile Particle Emissions plume age. Figure 7 shows the flight by flight nonvol-

atile aerosol emissions of the NJANG F-16 used in the

. o fuel sulfur study. The aircraft had undergone regular

The data in tables 5 through 15 indicate that maintenance just before flight 14 and accumulated
although there was a large degree of variability in the 4 5 vy run time per flight for a total @ hr over the

total aerosol emissions, nonvolatile particle emissions.q rse of the experiment. Over this period, the NUF

were relatively constant, except in the case where thesmissions show no systematic trend whereas the NF
aircraft afterburners were ignited. Histograms of NUF |5 exhibit a slight decrease with time.

and NF aerosol El's for the nonafterburner cases are
shown in figures 5(a) and 5(b). Note th&0 percent The effect of engine power setting upon F-16 non-
of the cases exhibited NUF EI values between 2 andyolatile aerosol emission is illustrated in figure 8, a
4 x 10" kg™ fuel burned and that the extremes in the plot prepared from the data of table 6. NF El values
data set differed only by a factor of 4. The NF EI's vary <20 percent at powers100 percent and only
were even less variable, with 95 percent of the valuesincrease slightly when the aircraft afterburners are
lying between 1 and 2510™ kg™* fuel burned. Both  engaged. Conversely, NUF emissions are relatively
histograms, however, exhibit somewhat bimodal char-constant at or below 90 percent power but increase 30
acters, with the NUF plot showing a clear secondaryto 40 fold at 100 percent power. We speculate that a
peak between 4.5 ands10™ kg ™. majority of the NUF particles seen in the afterburner
case were unburned fuel residue which could not be
To investigate the cause of the skewness in thevolatilized to <4 nm diameter particles during the
figure 5 distributions further, we examine the emission short passage through our inlet heater.
characteristics of the individual F-16’s sampled during _
SNIF-III. Figure 6 provides statistics for the VANG Figure 9 shows that all NUF and NF EI values
F-16's burning JP-8+100 fuel (aircraft 1 through 5) obtalned during the_ mission were pl9tted as afu.nctlon
and the NJANG aircraft (6 through 9) burning fuels Of altitude. The slightly greater El's at the mid to
meeting the standard JP-8 specifications. With thelower altitudes are caused by |nclu_3|on of the VANG
exception of aircraft 6, the VANG aircraft clearly data. These aircraft, noted previously to produce
show higher El's than the NJANG F-16's. Indeed, [60 percent more aerosol emissions than the NJANG
mean values of NUE and NE El's for the VANG -16's, were not sampled above 11 km, so the appar-
aircraft are 5.G 2.1 x 105 kg—l and 2.3+ 0.6 x 105 _ent decrease in NUF emission_s_ at the hig_hest altitude
kgL, respectively, whereas those for the NJANG S related to this factor. In addition, the ratio of NF to
F-16's, including aircraft 6, are 3€91.0 x 105 kg—l NUF El's is relatively constant with altitude, indicat-

and 1.5+ 0.7 x 10'5kg™2, respectively. Th&B0 per- ing that the particle size distributions are relatively

cent higher EI's for the Vermont aircraft cannot be Unaffected.
related to differences in power settings or environmen-
tal factors because these, as discussed below, caus%g]a

only slight changes in the F-16 nonvolatile aerosol .~ tion. Figure 10 presents all NUF and NF El's

emissions and, in_ any C"?‘S‘e’ were approxima_tely thefrom the NJANG JP-8 control aircraft recorded on
same for both series of flights. Thus, we surmise thatflights 14 through 20 plotted as a function of peak,CO

the differences are related to slight variations in theenhancement, which is representative of plume dilu-

agg lc\)lr m<'i11|ntenar|1:ci Ghlstor%/ ocl;_f(?nglnes on the \Lemt].onkion. Both parameters vary randomly across the factor
and New Jersey F-16's or to differences in combustion ¢ -, change in plume concentration.

properties of the JP-8 and JP-8+100 fuels. Because
engine data were not collected on the individual air- 3.3.2. Total Particle Emissions
craft, none of the possible explanations can be ruled

As expected, the nonvolatile aerosol emission
racteristics did not vary as a function of plume age

out. We note, however, that thRd00 additives were In contrast to their relatively invariant nonvolatile
introduced to the JP-8 fuels specifically to alter engineaerosol emissions, the F-16's total particle emis-
aerosol emission characteristics. sions, particularly for the UF component, varied



considerably as a function of each study parameter. In addition, our observations suggest that either
Figure 11 shows a random distribution plot of UF and volatile particle production is a nonlinear function of
F ElI's for the mission. Values range from 1 to FSC or that FSC must exceed a certain threshold
[D00x 10'° and from<1 to 4x 10'° kg™ fuel burned  before the particles grow to exceed the 4-nm diameter
for UF and F, respectively. The F points are clusteredcutoff point of our UF CN counters. For example,
between 1 and # 10™° kg ! fuel burned, which indi-  while the S levels of the medium and high S fuels
cates that in a majority of cases, the nonvolatile com-differed by only a factor of two, the UF El's for the
ponent accounted for most of the particdd8 nm in high FSC cases were on average eight times greater
diameter (see fig. 5(b)). Indeed, the only F El valuesthan for the medium FSC plumes. Also, although the
>5 x 10 kg™ correspond to times when the aircraft low S and JP-8 fuels contained5 percent as much
pilot applied afterburners to maneuver into position or S as the high S fuel, they produced only slight
climb (i.e., see table 8, crossings 22 through 27) or inaverage plume enhancements of volatile UF (see
response to our request (see table 6, crossings 10fgs. 15(a) and 15(b)).
through 117). At these times, the aircraft is essentially
exhausting unburned jet fuel. This unburned fuel has a  In the high and medium S cases, the data points of
profound effect upon all but the NF component of the figure 13(a) show a fair amount of variability at con-
aerosol (see fig. 12). By examining the tables andstant FSC. Factors observed to create this variability
flight notes, we conclude that for the UF component, include plume age, flight altitude, and contrail forma-
all values>2.4 x 101" kg™t correspond to afterburner tion; engine power setting does not appear to play a
cases. significant role (see figs. 16(a) and 16(b)). Fig-
ures 17(a) through 17(h) show UF El's plotted as a
Results from the SUCCESS mission indicated thatfunction of plume age for the high and medium S
FSC played a major role in controlling aircraft total cases of tables 10 through 12 where aircraft separation
aerosol emissions (Anderson et al., 1998b; Miake-Lyedata were available. In the case shown in figure 16(a)
et al.,, 1998). Figures 13(a) and 13(b) summarize(high FSC, 80 percent engine power at 35000 ft alti-
results from the six flights conducted in collaboration tude), the IE wag1.5 x 106 kg! fuel burned at a
with the NJANG in which fuels with three levels of plume age of 0.5 sec and increased by an order of
FSC were burned in a single F-16. The data are frommagnitude over the ensuing 5 sec. As shown in
plumes>5 sec old and the multiple points shown for figure 18, corresponding NUF, F, and NF El's
most flights represent data recorded at different poweremained approximately constant over the time inter-
settings or altitudes. For example, the three flight 18val. Figures 17(b) through 17(h) show features similar
data points correspond to statistics for the 35000-ftto figure 17(a), although the growth rate appears to be
low and high power setting data (table 10, crossings 1somewhat slower for the medium FSC and contrail
through 20 and 21 through 28, respectively) and thecases. We expect that the primary process being
38000-ft plumes (table 10, crossings 62 through 77),observed in these time series plots is not the formation
respectively. Figure 13(a) shows that UF particle EI's of new particles, but rather growth of particles formed
were significantly higher than NUF El's for both the a few meters downstream of the engines to sizes mea-
medium and high FSC fuels but were roughly equal in surable by our UF CN counter.
the case of low FSC. Measurements recorded behind
the “control” F-16 burning standard JP-8 fuel with The growth and perhaps lifetime of the aerosol
FSC of (170 ppm S (figs. 14(a) and 14(b)) provide nuclei are apparently very sensitive to environmental
confidence that the variations in UF EI portrayed in conditions. Figure 19 shows UF El data recorded
figure 13(a) are not due to variations in engine param-behind the NJANG F-16 as it burned the medium S
eters (e.g., maintenance or operating conditions) or tdfuel at flight altitudes of 30000, 35000, and 37000 ft,
environmental factors. Thus, because the fuels werdhe latter altitude in heavy contrail forming conditions.
identical in all other aspects, we can only conclude Values at 5-sec plume age decreased by a factor of
that the volatile aerosol fraction is comprised of oxi- three in going from 30000 to 35000 ft and dropped an
dized sulfur species. Because the F El's are not signif-additional (50 percent between 35000 and 37000 ft.
icantly enhanced at the higher FSC levels (fig. 13(b)) Exhaust plume CN number densities are often reduced
we can also surmise that a majority of the volatile par-within contrails by deposition onto the much larger ice
ticles are<18 nm in diameter. crystals, thus the low observed El's at 37000 ft are not



surprising. However the difference between the (1146 ppm S produced an insignificant number of vola-
30000- and 35000-ft legs is not easily explained. UFtile UF particles, the 942 ppm S fuel resulted in UF
El data obtained behind the F-16 as it burned highEl's almost two orders of magnitude higher than those
FSC fuel did not show a similar trend. Indeed, the datafor NUF. The medium S fuel (527 ppm) produced UF
of table 10 suggest that values actually increase withEl's which were only 10 to 20 percent as great as those
altitude. Speculation for the UF EI behavior in the in the high FSC cases, indicating that either the forma-
medium FSC cases include that the relative humiditytion of sulfur-based particles is a highly nonlinear
was high enough at 35000 ft to create subvisible con-function of FSC or that the FSC must exceed a certain
trails or that particle growth mechanisms at this FSCthreshold before particles grow to exceed the lower
level are particularly sensitive to environmental size cutoff our UF CN counter. For a given FSC, the

factors. plume age and, particularly for the medium fuel S
) cases, environmental conditions played significant
4. Concluding Remarks roles in regulating observed UF EI’s.
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Table 1. Near Field Flight Experiments Conducted Aboard the Wallops T-39

Mission SNIF-1 SNIF-1I SUCCESS SNIF-111
Dates Jul-95 Jan/Feb-96 Apr/May-96 May/Jun-97
Number of flightg 5 8 16 20
T,Tdew No Yes Yes Yes
CoO, Yes Yes Yes Yes
3-D winds No Yes Yes Yes
CN>4nm Yes Yes Yes Yes
CN>18 nm Yes Yes Yes Yes
CN>25nm No No No Yes
CN>100 nm No Yes Yes Yes
SO,, Hy,SO, No Partial Partial Yes
HNO3, HONO No Partial Partial Yes
CN composition No No No Yes
Source Aircraft B-737, T-39 B-737, T-38,| B-757,DC-8, | B-737, BE-200,
T-39, B747, B-727 C-130, F-16
MD-80
Table 2. SNIF-IIl Flights To Sample F-16 Exhaust Plumes
Flight Flight T-39 T-3_9 Number of Ai.r_cr:?\ft Fuel type
number date takeoff | landing | source A/C| affiliation
5 6/6/98 1700 1850 1 NJANG JP-8
6 6/9/97 1400 1540 3 VANG JP+800
7 6/9/97 1800 1930 1 VANG JP+800
10 6/13/97 1550 1740 1 NJANG JP-8
14 6/25/97 1330 1530 2 NJANG JP-8/Jet A w/high $
15 6/25/97 1800 2000 2 NJANG JP-8/Jet A w/high $
17 6/26/97 1315 1510 2 NJANG  JP-8/Jet A w/medium S
18 6/26/97 1725 1930 2 NJANG  JP-8/Jet A w/medium S
19 6/27/97 1320 1520 2 NJANG JP-8/Jet A w/low §
20 6/27/97 1730 1910 2 NJANG JP-8/Jet A w/low §




Table 3. Characteristics of the Fuels Used During the SNIF-IIl Fuel Sulfur Experiment

Fuel Fuel Analysis Sample Fuel S Fuel sample
type canister number date PpmM identity
JP-8 97-F-1333 9700765 13-Jun-9f7 208 Control F-16 fuel from refueler
Jet A 97-F-953 9700780 16-Jun-9y 1000 High sulfur content fuel
Jet A 97-F-975 9700832 20-Jun-9fY <500 Low sulfur content fuel
Jet A 97-F-1211 9700867 25-Jun-9y 926 High sulfur fuel from F-16
Jet A 97-F-1014 9700868 25-Jun-9y 921 High sulfur fuel from F-16
JP-8 97-F-1015 9700869 25-Jun-97 172 Control F-16 fuel
JP-8 97-F-1206 9700865 25-Jun-97 180 Control F-16 fuel
JP-8 97-F-1015 9700869 25-Jun-97 172 Control F-16 fuel
Jet A 97-F-1016 9700880 26-Jun-9y 923 High sulfur fuel from F-16
Jet A 97-F-1019 9700883 26-Jun-9y 516 Medium S fuel mixture from H-16
Jet A 97-F-1017 9700884 26-Jun-9y 524 Medium S fuel mixture from H-16
JP-8 97-F-1018 9700885 26-Jun-97 167 Control F-16 fuel
JP-8 97-F-1134 9700881 26-Jun-97 192 Control F-16 fuel
JP-8 97-F-1335 9700886 26-Jun-97 207 Control F-16 fuel
Jet A 97-F-1336 9700887 26-Jun-9y 543 Medium S fuel mixture from H-16
JP-8 97-F-1207 9700900 27-Jun-9/7 101 Low sulfur content fuel from H-16
Jet A 97-F-1208 9700903 27-Jun-9f7 170 Low sulfur content fuel from H-16
Jet A 97-F-1102 9700901 27-Jun-9f7 118 Low sulfur content fuel from H-16
JP-8 97-F-1103 9700902 27-Jun-9/7 170 Low sulfur content fuel from H-16
JP-8 97-F-1104 9700904 27-Jun-9/7 174 Low sulfur content fuel from H-16
Table 4. Test Matrix for the SNIF-III Fuel S Flights
Fuel sulfur Low Medium High
Environmental T,PQ T,Q,P T,Q,P
parameters (altitude) (altitude) (altitude)
Aircraft parameters P8—-88% power 786-88% power 786-88% power

Aircraft separation Distanc
30 meters
+

1%

~+ + + + +
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Table 5. Flight 5, New Jersey F-16

(a) Standard JP-8 Fu&{23

Power Crossing Plume crossing Peak Altitude, Ambient | Temperature| ~Ambient Plume Emission indices (% 1045 kg)
setting, time width, temperature,| enhancement, dewpoint, | enhancement,
number i ft A o o

percent Hr [Min | Sec| sec C C C ppmv UF | NUF| F NF
83 1 17| 42| 27 13 23323 -19.8 0.87 -25.9 37.1 5.8 5.2 2.1 1.9
83 2 17| 42| 58 31 23514  _20.2 1.24 -28.5 78.5 59| 24| 23
83 3 17| 43| 46 27 23702 -20.5 1.84 -28.6 71.4 6.0 5.6 2.6 2.3
83 4 17| 44 6 11 23722 -20.5 0.52 -28.4 44.4 5.9 5.8 2.7 2.2
83 5 17| 44| 43 6 23871  -21.0 0.32 -28.9 20.7 65| 6.0 28| 17
83 6 17| 45| 41 5 24267 -22.0 0.06 -30.5 27.5 6.3 5.5 2.6 1.4
83 7 17| 45| 54 4 24040 -21.7 0.20 -30.4 54.8 6.2 54 2.5 1.3
83 8 17| 46| 20/ 30 24317 221 1.69 -25.6 77.8 60| 56| 25 22
83 9 17| 47| 28 9 25560 -25.8 0.73 -30.0 38.7 5.1 4.7 2.5 2.0
83 10 17| 48| 13 8 26563 -28.1 1.17 -33.2 42.3 5.2 5.3 2.1 1.8
83 11 17| 48| 38 37 27879 311 3.27 -33.9 103.4 52| 47| 22| 20
83 12 17| 49| 18 42 28750 -335 3.45 -36.4 106.0 5.5 5.4 2.3 2.3
83 13 17| 49| 47 10 29034 -34.2 1.03 -37.3 65.8 4.9 4.7 2.2 2.0
78 14 17| 50| 2 9 29358 -352 1.21 -38.4 66.5 51| 47| 21| 19
78 15 17| 50| 37 16 29515 -36.0 0.40 -40.8 23.0 5.9 5.8 2.2 2.2
78 16 17| 50| 53 8 29508 -35.8 0.32 -41.2 30.5 6.5 6.5 2.3 2.2
78 17 17| 51| 20 6 29281 -354 0.39 -42.0 22.0 56/ 6.1| 20| 1.9
78 18 17| 52| 48 8 29176 -35.0 0.50 -39.2 8.8 53| 45 2.2 2.0
78 19 17| 53 0 12 29418 -35.5 0.70 -39.6 9.2 51 4.9 2.1 2.2
78 20 17| 53| 19 14 29609 -35.1 1.09 -40.7 51.0 6.7| 69| 24| 23
78 21 17| 53| 35 14 29633 _363 0.77 -41.0 49.0 56| 55| 24| 22
78 22 17| 53| 59 7 29782 -36.6 0.08 -40.8 51 55 5.3 1.9 1.7
78 23 17| 54| 15 24 29831 -35 1.35 -39.9 103.8 6.4 58| 25 23
78 24 17| 54| 41 9 29864 -36.7 1.13 -39.6 82.3 5.5 5.8 2.3 2.2
78 25 17| 55| 38 97 30158 -37.4 3.03 -38.5 246.8 6.1 5.6 2.3 2.3
78 26 17| 56| 34 8 30061 —374 0.91 -39.7 63.1 6.6| 61| 23| 22
78 27 17| 57| 20 38 30190 -375 1.47 -40.5 131.7 6.1| 57| 23] 24
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Table 5. Concluded
(b) Standard JP-8 Fuel

Power Crossing Plume crossing Peak | . 4o | Ambient | Temperature| ~Ambient Plume Emission indices (% 1045 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number i ft A o o

percent Hr [Min | Sec| sec C C C ppmv UF | NUF| F NF
78 28 17| 57| 58 20 30110 -37.3 1.11 -38.1 132.8 6.0 54 2.3 2.1
78 29 17| 58| 22 26 29965 -37.0 1.09 -39.4 103.6 5.5 4.6 2.1 1.8
70 30 18 2 1 10 30313 -37.9 0.93 -38.4 39.7 54| 4.7 2.2 1.8
70 31 18 2| 55 24 28635 -34.0 2.70 -39.8 9.5 52.4 2.7 0.9 0.8
70 32 18 3| 11 5 28394 -33.2 0.42 -38.5 114 97.8 4.2 1.0 0.8
70 33 18 3| 37 6 26999 -29.0 0.78 -35.1 25.3 36.1 3.6 1.0 0.8
70 34 18 6| 25 22 23840 -21.3 0.59 -26.6 25.4 6.1 5.8 2.6 2.4
70 35 18 6| 44 6 23890 -21.6 0.22 -26.6 5.1 7.0 8.0 3.1 2.7
70 36 18 7| 16 7 23803 -21.4 0.35 -27.7 26.5 5.7 5.8 2.6 2.3
70 37 18 7| 25 8 23818 -21.5 0.43 -27.3 25.6 5.3 55 2.7 24
70 38 18 7| 43 26 23822 -21.5 0.65 =25.7 46.1 6.2 5.6 2.8 2.5
70 39 18 8 6 3 23853 -21.6 0.67 -26.1 26.8 3.8 4.9 2.0 2.6
90 40 18 9 0 8 23643 -21.0 0.25 -26.6 28.9 5.2 5.0 2.3 2.1
90 41 18 9| 23 6 23782 -21.5 0.35 -27.0 23.6 5.2 5.9 2.4 1.9
90 42 18 9| 46 6 23794 -21.7 0.89 -25.7 66.5 4.6 3.9 1.8 1.3
90 43 18 9| 54 6 23823 -21.7 0.82 -25.5 56.0 4.3 3.5 19 14
90 44 18| 10 8 15 23851 -21.9 0.96 -26.4 62.8 4.8 4.4 19 1.7
90 45 18| 10| 29 24 23946 -21.9 1.11 -26.8 67.4 4.3 3.8 1.9 15
90 46 18| 10| 56 29 24005 -21.9 1.24 -26.7 81.1 4.3 4.1 19 1.6
90 47 18| 11| 15 7 23962 -21.9 1.23 -26.6 71.6 4.2 3.9 1.8 14
90 48 18| 11| 28 10 23911 -21.8 1.01 -27.0 62.6 4.8 4.0 1.9 1.6
90 49 18| 12| 15 7 23942 -21.8 0.63 -26.9 48.5 5.0 3.6 19 15
90 50 18| 12| 33 7 24008 -21.8 0.48 -26.8 32.6 4.8 4.1 1.8 15
90 51 18| 12| 53 8 23954 -21.7 0.52 —-26.6 55.7 5.9 3.5 1.8 15
90 52 18| 13| 14 7 24038 -21.9 0.86 -26.6 52.0 4.7 3.1 1.7 14
90 53 18| 13| 36 21 24090 -21.5 1.00 -26.5 57.9 4.6 3.3 1.8 15
90 54 18| 13| 58 19 24170 -21.7 1.18 -26.3 61.6 7.0 4.4 1.9 1.6
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Table 6. Flight 6, Vermont F-16’s With JR-B)0 Fuel

Aircraft Crossing P|Um§n?£055in3 Peak Altitude. Ambient | Temperature| ~Ambient Plume Emission indices (¥ 1045 kg)
power, width, temperature,| enhancement, dewpoint, | enhancement,
number i ft o o o

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
#1/78 2 14| 22| 52 4 30144 -40.4 0.16 -50.8 11.1 6.4 4.8 1.8 1.1
#1/78 3 14| 24| 15 6 29724 -39.4 0.23 -52.2 35.7 6.4 4.4 1.9 1.7
#1/78 4 14| 24| 31 13 29733 -39.5 1.16 -52.4 56.6 5.3 3.7 1.7 1.9
#2/78 5 14| 26| 42 10 29959 -40.1 1.13 -52.2 58.9 5.8 55 2.3 2.7
#2/78 6 14| 26| 58 5 29868 -39.9 0.70 -52.1 43.3 6.3 4.8 2.7 2.2
#2/78 7 14| 27 5 8 29899 -40.0 0.85 -52.0 57.9 5.2 4.7 2.4 2.5
#2/78 8 14| 27| 17 14 29987 -40.2 1.17 -51.9 64.0 6.7 5.3 2.4 2.5
#2/78 9 14| 27| 34 5 29905 -40.2 0.41 -51.7 12.5 6. 4.7 2.2 2.2
#2/78 10 14| 28 1 8 29843 -39.7 0.74 -51.8 37.4 6.7 4.6 2.6 2.8
#2/78 11 14| 28| 21 8 29794 -39.8 0.87 -52.0 404 6.9 4.4 2.3 2.2
#2/78 12 14| 28| 33 8 29785 -39.8 0.58 -52.1 44.6 8.0 4.8 2.4 2.5
#2/78 13 14| 28| 48 5 29832 -40.1 1.00 -52.1 52,5 7.4 4.3 2.3 2.2
#2/78 14 14| 28| 58 6 29813 -40.0 0.66 -52.2 37.8 9.5 5.0 2.0 2.0
#2/78 15 141 29| 13 12 29913 -40.3 1.10 -52.2 41.3 10.4 7.1 2.1 2.4
#2/78 16 14| 29| 25 9 29854 -40.1 1.08 -52.0 37.2 98 54 2.3 2.5
#2/78 17 14| 29| 44 8 29914 -40.0 0.67 -51.4 48.9 7.7 6.1 2.3 2.6
#3/78 18 14| 30| 15 10 296471 -39.4 1.07 -50.5 14.3 613.0 24.7 484 1.3
#3/78 19 14| 30| 35 7 29787 -39.6 0.99 -49.9 77.1 207.(¢ 6.5 3.6 3.2
#3/78 20 14| 30| 46 10 29834 -39.7 0.87 -49.5 57.6 368.( 7.8 51.5 2.5
#3/78 21 14| 31 9 35 29882 -40.1 1.28 -47.4 70.0 7.3 2.9
#3/78 22 14| 31| 36 7 29867 -39.9 0.79 -47.5 42.4 734 6.0 2.4 2.6
#3/78 23 14| 31| 46 7 29982 -40.1 0.39 -47.9 12.7 69.3 5.2 2.4 2.6
#3/78 24 14| 32 0 12 30022 -40.1 0.58 -48.7 50.7 37.6 5.9 2.7 2.8
#3/78 25 14| 32| 28 9 29905 -40.1 0.32 -49.5 29.3 35.2 6.2 2.8 3.1
#3/78 26 14| 32| 38 5 29924 -40.2 0.36 -49.5 14.8 15.9 54 2.6 3.0
#3/78 27 14| 32| 45 6 29944 -40.1 0.79 -49.5 46.8 25 2.4
#3/78 28 14| 32| 53 5 30029 -40.2 0.59 -49.3 30.0 36.4 5.9 2.7 2.4
#3/78 29 14| 33 0 6 29953 -39.9 0.94 -49.1 42.7 62.1 8.5 2.7 2.4
#3/78 30 14| 33| 30 7 30081 -40.5 0.61 -48.6 24.3 53.9 6.1 3.0 2.9
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Table 6. Continued

Aircraft Crossing Plumﬁn:;ossin; Peak Altitude, Ambient | Temperature| ~Ambient Plume Emission indices (¥ 1015 kg)
power, width, temperature,| enhancement, dewpoint, | enhancement]
number i ft o o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
#1/88 31 141 36| 55 10 29918 -40.2 0.81 -49.6 59.3 11.7 38 1.8 1.9
#1/88 32 14| 37| 16 8 29965 -40.3 0.65 -49.2 46.5 9.2 33 1.8 1.8
#1/88 33 14| 37| 25 8 30030 -40.4 1.26 -49.0 60.8 103 35 1.8 1.8
#1/88 34 14| 37| 56 12 30063 -40.6 0.75 -49.2 44.6 9.3 40 1.8 2.0
#1/88 35 14| 38| 12 7 30119 -40.7 0.66 -49.5 37.9 9.9 33 1.8 1.7
#1/88 36 14| 38| 41 7 30054 -40.8 0.39 -50.2 46.2 84 35 1.9 1.7
#1/88 37 14| 39 2 6 29984 -40.8 0.09 -50.6 8.6 109 3.9 1.7 1.8
#1/88 38 141 39| 17 5 30042 -41.4 1.06 -50.8 231 6.3 39 1.7 1.9
#1/88 39 14| 39| 24 5 29971 -40.6 0.88 -50.9 375 8.8 3.9 2.0 1.7
#2/88 40 14| 40| 50 15 29886 -40.0 1.42 -49.2 161.0 7.9 48 25 2.4
#2/88 41 14| 41 34 31 29905 -40.1 242 -45.8 141.3 84 46 2.3 2.5
#2/88 42 14| 41] 54 7 29939 -40.3 1.23 -45.9 66.3 79 5.6 21 2.0
#2/88 43 14| 42 3 7 29945 -40.3 1.16 -46.4 74.1 89 41 2.2 2.0
#2/88 44 14| 42| 10 8 29958 -40.7 1.49 -47.3 45.7 9.3 438 2.2 2.2
#2/88 45 14| 42| 34 9 29929 -40.2 0.92 -49.2 62.6 8. 48 21 2.3
#2/88 46 14| 42| 46 12 29920 -40.0 1.19 -49.7 77.6 9.0 4.0 2.2 1.8
#2/88 47 14| 43 2 8 29868 -40.0 1.12 -49.5 58.6 89 43 2.0 1.8
#2/88 48 14| 43| 18 7 29865 -39.9 0.55 -49.0 53.6 59 338 2.0 1.9
#3/88 49 14| 44 49 11 29666 -394 2.32 -47.9 113.5 129.( 7.8 2.6 19
#3/88 50 14| 45 3 7 29673 -39.1 1.40 -47.4 52.7 1.7 2.0
#3/88 51 14| 45 32 16 29878 -39.8 3.13 -47.6 205.3 26.1 5.2 2.7 2.8
#3/88 52 14| 45| 48 15 29855 -39.8 3.74 -47.2 221.3 249 5.2 2.6 2.7
#3/88 53 14| 46| 10 27 29875 -39.9 1.60 -47.6 101.3 33.§ 438 24 2.3
#3/88 54 14| 46| 46 43 29859 -40.3 1.32 -47.9 74.4 0.0 5.3 2.5 2.7
#3/88 55 14| 47 21 15 29955 -40.7 1.16 -48.7 57.1 351 4.6 2.5 2.4
#3/88 56 14| 47| 38 5 30059 -40.9 0.33 -49.4 12.3 109.4 5.7 31 2.3
#1/78 57 14| 56 0 4 35173 -51.0 0.22 -56.6 20.6 110. 3.3 1.7 0.8
#1/78 58 14| 56| 12 7 35122 -50.9 0.30 -56.6 114 96.§ 5.2 1.8 1.8
#1/78 59 141 56| 20 4 35145 -51.1 0.24 -56.6 10.5 46.9 3.2 2.3 1.4
#1/78 60 14| 56| 28 5 35125 -51.2 0.39 -56.5 16.8 31.3 35 2.2 1.8
#1/78 61 14| 56| 34 5 35142 -51.3 0.37 -56.5 16.3 344 38 2.2 1.6
#1/78 62 14| 56| 41 6 35025 -51.1 0.39 -56.5 17.7 29. 4.2 2.1 1.7
#1/78 63 14| 56| 52 11 35023 -50.8 0.65 -56.3 321 147 3.1 2.3 1.9
#1/78 64 14| 57 3 8 34862 -50.6 0.61 -56.0 34.0 26.9 24 2.0
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Table 6. Continued

Aircraft Crossing Plumgn:;ossin; Peak Altitude, Ambient | Temperature| ~Ambient Plume Emission indices (¥ 1015 kg)
power, width, temperature,| enhancement, dewpoint, | enhancement,
number i ft A o o

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
#1/78 65 14| 57| 32 9 34656 -50.1 1.39 -55.6 85.6 29.4 3.8 2.3 1.8
#1/78 66 14| 57| 56 39 34676 -50.4 2.66 -53.9 152.4 357 4.3 2.4 2.3
#1/78 67 14| 58 22 10 34697 -50.5 0.87 -53.4 56.6 36.2| 4.3 2.4 2.2
#1/85 68 14| 59 4(Q 12 34774 -51.0 0.40 -55.4 15.3 15.6 4.0 24 2.3
#1/85 69 15 0 6 10 34643 -50.9 0.85 -55.3 11.7 11.3 4.9 2.4 2.2
#1/85 70 15 1 41 7 34258 -49.7 0.34 -54.3 16.5 4.7 2.1 2.3
#1/85 71 15 1| 52 9 34193 -49.7 0.99 -54.3 26.2 6.5 35 2.0 1.9
#1/85 72 15| 2| 3 6 33899 -48.8 0.61 -54.3 46.9 11.0f 5.7 2.2 2.0
#2/78 74 15 4| 14 8 34467 -50.1 1.91 -54.7 40.7 9.5 4.1 2.7 2.1
#2/78 75 15 4 23 4 34527 -50.3 0.22 -54.6 29.5 17.5 4.0 2.2 2.0
#2/78 76 15 4/ 31 6 346786 -50.4 0.85 -54.5 40.5 5.8 5.3 3.2 2.5
#2/78 77 15 4] 41 12 3481Q -50.7 0.94 -54.4 39.9 8.6 4.9 2.8 2.3
#2/78 78 15 4/ 51 6 34707 -50.7 0.31 -54.4 36.3 6.1 2.7 2.5
#2/78 79 15 5 8§ 20 34916 -51.0 0.75 -54.4 30.6 72| 55 2.9 2.8
#2/78 80 15| 5| 36 8 34851 -50.9 0.89 -54.8 11.8 6.2| 5.3 2.9 2.6
#2/78 81 15 5 47 7 34840 -51.0 0.15 -55.1 5.8 69.8 14 11 0.8
#2/78 82 15 5] 56 6 34837 -52.0 1.21 -55.3 8.6 7.7 4.6 3.0 2.6
#2/78 83 15 6| 14 10 34886 -50.8 0.37 -55.9 17.9 5.4 3.0 3.0
#3/78 84 15 7| 50 28 35186 -51.3 5.65 -50.8 280.9 13.1 53 25 2.0
#3/78 85 15 8/ 22 35 35020 -50.6 0.76 -55.1 48.5 108/ 54 2.9 2.5
#3/78 86 15 8| 46 9 34935 -50.7 0.76 -55.7 39.1 111 5.0 3.0 2.8
#3/78 87 15 9 1 20 34927 -50.7 1.20 -55.8 35.0 10.7 54 3.0 3.2
#3/78 88 15 9] 27 32 34634 -50.7 0.73 -53.9 34.8 7.1 4.2 34
#3/78 89 15( 100 3 15 34621 -50.6 0.51 -53.0 18.5 44.7f 5.5 3.3 3.1
#3/78 90 15| 10] 24 21 34794 -50.6 0.57 -53.3 204 434 55 3.4 2.9
#3/78 91 15| 100 43 13 34887 -50.7 0.69 -53.9 24.1 295/ 6.0 3.2 3.0
#3/78 92 15 121 17 10 34544 -49.9 1.03 -54.2 65.1 8.2| 3.9 2.7 2.4
#3/78 93 15| 12| 3(q 11 34579 -50.0 1.18 -54.0 60.0 10.3 34 2.7 24




aT

Table 6. Concluded

Aircraft Crossing Plumt?r;:;ossing Peak Altitude, Ambient | Temperature| ~Ambient Plume Emission indices (¥ 104 k)
power, | ber _ width, ft tempoerature, enha?cement, dev!pomt, enhancement],

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
#3/100 94 | 15] 12 34 5 34600 -50.3 0.29 -53.9 30.3 123 4.7 2.8 3.0
#3/100 95 | 15| 12 44 4 34623 -50.5 0.16 -53.8 8.3 39.6| 75 34 23
#3/100 96 15| 12 53 6 34615 -50.5 0.78 -53.7 44.3 16.3| 4.8 3.0 27
#3/100 97 15| 12| 59 9 34620 -50.4 0.14 -53.6 16.1 47.2| 4.8 3.0
#3/100 98 15| 13 § 6 34677 -50.6 0.59 -53.6 27.2 57.8| 5.9 31 26
#3/100 99 15| 13 14 6 34639 -50.6 0.59 -53.6 27.4 32.7| 48 3.3 27
#3/100 100 15| 13 271 7 34752 -50.6 0.73 -53.6 29.3 17.1| 5.0 31 28
#3/100 101 15| 13 33 4 34755 -50.8 0.31 -53.6 31.0 10.3| 4.9 3.0 28
#3/100 102 15| 13 3§ 5 34810 -51.0 0.78 -53.7 29.6 10.9| 5.1 31 26
#3/100 103 15| 13 4 5 34842 -51.1 0.55 -53.7 27.2 85| 4.4 32 25
#3/100 104 15| 13 54 5 34825 -50.9 0.34 -53.8 17.4 9.0| 4.2 3.2 27
#3/100 105 15 14 1 6 34838 -51.8 1.25 -53.9 19.0 91| 6.1 36 27
#3/100 106 15| 14 14 6 35052 -51.3 0.79 -54.4 30.2 6.3| 4.5 3.0 24
#3/aftb 109 15| 14 4§ 5 35386 -51.9 0.29 -54.6 10.6 866.0| 92.4| 410.0 1.7
#3/aftb 110 15| 15 g 15 35123 -51.6 0.58 -54.9 24.1 816.0| 92.6| 347.0 2.1
#3/aftb 111 15| 15 14 11 34898 -51.0 0.92 -54.9 51.0 500.0| 76.0| 251.0 0.9
#3/aftb 112 15| 15 23 6 34825 -50.8 0.80 -54.8 49.7 453.0| 50.9| 199.4
#3/aftb 113 15| 15 33 S 34821 -51.0 1.11 -54.6 22.1 630.0| 142.0 348.0 1.6
#3/aftb 114 15| 15 3§ 7 34795 -51.0 0.49 -54.4 27.2 594.0| 107.0| 299.0 1.7
#3/aftb 115 15| 15 47 6 34720 -50.8 0.15 -54.3 13.2 547.0| 32.7| 102.0 4.2
#3/aftb 116 15| 15 5§ 7 34659 -51.7 1.38 -54.1 23.5 659.0| 41.8| 211.0 4.2
#3/aftb 117 15| 160 7 7 34722 -51.2 0.78 -53.9 24.1 649.0| 38.3| 158.0 4.3
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Table 7. Flight 7, Vermont F-16’s With JR-B00 Fuel

Aircraft Crossing Plumt? crossing Peak | \itide | Ambient | Temperature| ~ Ambient Plume Emission indices (¥ 1015 kg)
power, Ime width, temperature,| enhancement, dewpoint, | enhancement]
number - ft o o o

percent Hr [Min | Sec| Sec C C C ppmv UF | NUF| F NF
#4/88 2 18| 34| 23 17 29587 -38.4 1.23 -41.9 55.4 4.2 1.6 15
#4/88 3 18| 34| 49 12 29525 -38.2 0.55 -43.4 41.0 629 35 0.0 1.6
#4/78 4 18| 35 2 7 29401 -37.7 0.65 -44.1 46.0 24.3 3.2 13 1.4
#4/78 5 18| 35 22 23 29380 -37.6 0.81 -43.2 51.8 3.2 1.6 1.6
#4/78 6 18| 35| 44 6 29485 -37.8 0.52 -41.7 26.1 15.3| 4.2 1.5 1.6
#4/78 7 18| 35| 53 9 29469 -38.0 0.82 -40.9 34.4 119 3.9 1.6 1.8
#4/78 8 18| 36| 13 5 29677 -38.4 0.39 -40.7 12.3 18.2| 4.3 1.9 1.6
#4/78 9 18| 36| 49 10 29758 -38.9 0.37 -42.2 19.4 11.9| 3.7 1.9 2.0
#5/78 10 18| 46| 59 29 30076 -39.8 0.93 -41.4 42.3 73| 43 1.9 2.0
#5/78 11 18| 47| 12 5 30017 -39.3 0.61 -41.3 47.7 6.1 4.9 23 2.2
#5/78 12 18| 47| 18 5 30020 -39.5 0.58 -41.1 44.6 6.3| 4.4 2.7 3.2
#5/78 13 18| 47| 30 12 30003 -39.4 1.04 -41.0 103.9 5.4 2.6 2.7
#5/78 14 18| 47| 45 11 29984 -39.4 0.52 -41.0 76.9 54| 3.9 25 1.9
#5/78 15 18| 48 10 23 29944 -39.3 1.34 -40.8 66.4 6.7 4.9 24 2.3
#5/78 16 18| 48| 25 5 29754 -39.1 0.38 -40.7 50.6 47! 4.0 25 2.2
#5/78 17 18| 48| 47 9 29801 -39.1 0.99 -41.1 54.2 9.5/ 6.8 35 3.1
#5/88 18 18| 49| 6 9 29884 -39.3 0.86 -41.9 47.2 15.7f 4.9 2.9 2.8
#5/88 19 18| 49| 18 8 29724 -39.0 0.85 -42.4 49.7 36.9] 4.7 25 2.2
#5/88 20 18| 49| 30 13 29673 -38.8 1.00 -42.5 54.1 48.8| 5.9 2.6 2.2
#5/88 21 18| 49| 40 6 29744 -38.9 1.18 -42.4 56.4 16.3] 4.3 2.3 2.2
#5/88 22 18| 49| 48 8 29839 -38.9 0.47 -42.4 15.2 228/ 5.2 2.6 2.6
#5/88 23 18| 50, 5 22 29861 -38.9 1.18 -42.9 55.9 117 41 2.4 2.2
#5/88 24 18| 50/ 19 7 29860 -39.1 1.23 -43.2 49.9 12.8| 4.9 25 2.4
#4/78 25 18| 56| 41 37 34592 -49.7 1.80 -53.2 47.8 47| 4.0 21 2.1
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Table 8. Flight 10, New Jersey F-16 With Standard JP-8 Fuel

Pov_ver Crossing Plumg crossing Reak Altitude Ambient Temperature Ambient Plume Emission indices (¥ 105 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number _ ft R o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF F NF
83 2 16| 14| 40 18 29310 -32.4 1.53 -47.2 107.9 3.0 3.0 1.6
83 3 16| 14| 58 17 29311 -32.4 1.57 -47.2 100.7 2.9 1.6
83 4 16| 15| 15 11 29399 -32.6 1.63 -47.1 94.3 3.1 2.8 1.7
83 5 16| 15| 39| 21 29346 -32.9 0.90 -46.8 83.0 2.8 2.7 1.6
83 6 16| 16| 22| 10 29375 -32.9 0.87 -39.0 45.7 2.9 3.0 1.6
83 7 16| 16| 43 5 29338 -33.0 0.57 -41.5 87.9 2.2 2.3 1.1
83 8 16| 17 8 11 29513 -33.0 0.89 -35.7 67.7 2.8 31 15
83 9 16| 17| 34 6 29412 -32.3 0.33 -35.7 56.1 2.6 2.6 15
83 10 16| 17| 51 11 29507 -32.4 0.94 -36.6 67.0 3.0 3.2 14
83 11 16| 18| 7 6 29371 -32.2 0.98 -34.9 84.9 3.0 3.3 14
83 12 16| 18| 25 10 29365 -31.9 0.59 -35.0 41.6 3.4 1.2
78 13 16| 19| 28 7 28233 -30.6 0.90 -34.2 60.3 19 2.2 11
78 14 16| 21| 46 11 27174 -27.3 0.85 -44.4 49.1 3.0 2.9 1.7
90 15 16| 22| 30 23 27830 -29.0 3.21 -39.5 198.4 2.4 2.3 14
90 16 16| 22| 53 17 28187 -29.8 2.30 -43.3 125.2 2.3 2.3 1.3
90 17 16| 23| 10 16 28529 -30.8 1.88 -46.0 109.2 3.1 2.7 1.3
90 18 16| 23| 58 20 29464 -33.1 1.06 -43.9 78.6 2.2 1.2
90 19 16| 24| 17 15 29630 -33.4 1.49 -38.2 88.6 2.8 2.6 15
90 20 16| 24| 55 13 30245 -35.2 1.00 -43.7 51.8 2.5 2.3 13
90 21 16| 25| 20 14 31006 -36.5 1.44 -37.4 45.9 2.8 2.7 13
85 22 16| 35| 12 8 36174 -51.4 0.30 -52.4 15.5 470.G 17.7 3.3
85 23 16| 35| 34 6 36417 -52.0 0.33 -53.4 115 93.5 4.0 1.7
85 24 16| 45 9 12 37445 -54.8 1.10 -58.2 70.1 237.( 25.3 5.9
85 25 16| 55| 31 9 38900 -58.5 0.19 -62.2 7.6 558.0 26.6 1.7
85 26 16| 55| 45 7 38800 -58.5 0.22 -61.4 5.7 408.0 27.8 2.1
85 27 16| 55| 55 9 38973 -58.7 0.58 -60.7 8.9 301.0 32.6 2.5
85 28 16| 56| 35 8 39185 -59.1 0.49 -59.9 17.6 4.2 3.9 1.8
85 29 16| 56| 50 16 39108 -59.3 0.64 -60.5 17.2 2.5 2.8 1.5
85 30 16| 57| 4| 10 39016 -58.8 0.38 -60.8 11.6 1.7 1.4
85 31 16| 57| 17 12 38885 -58.7 0.62 -60.9 211 3.6 1.7
85 32 16| 57| 28 7 38786 -58.6 0.54 -60.9 204 1.1 2.8 1.6
85 33 16| 57| 39 14 38824 -58.9 0.78 -60.7 29.6 3.5 3.2 1.9
85 34 16| 57| 53 11 38779 -58.6 0.32 -60.3 29.1 3.2 3.6 1.9
85 35 16| 58| 6| 14 38596 -58.2 0.88 -59.8 42.5 4.4 3.4 1.7
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Table 8. Concluded

Power Crossing Plume crossing Peak | \ . 4o | Ambient | Temperature| Ambient Plume Emission indices (¥ 101 k)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number i ft o o o

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
85 36 16| 58| 21 9 38701 -58.2 1.69 -59.3 97.3 121.9 31.5 69. 11.
85 37 16| 58| 30 7 38781 -58.5 2.08 -59.0 98.6 16.0
85 38 16| 58| 39 7 38609 -58.1 0.55 -58.7 27.3 208. 31.3 113 3.
85 39 16| 58| 52 8 38593 -58.1 0.44 -58.6 28.6 164.0 23.7 77. 2.
85 40 16| 59 4 9 38680 -58.1 0.72 -58.8 25.7 2.6
85 41 16| 59| 11 4 38858 -58.2 0.43 -59.0 13.8 2.9 2.0 2.4 0.q
85 42 16| 59| 24 10 38976 -58.4 0.67 -59.4 30.2 2.7 2.6 2.3 1.7
85 43 16| 59| 38 12 38975 -58.5 0.56 -59.7 22.4 24 24 2.3 1.5
85 44 17| 0] 12 47 39460 -59.5 0.99 -60.9 20.8 3.0 27 2.2 1.5
85 45 17 0| 46 7 39322 -59.5 0.33 -60.4 14.6 1.7 2.1 1.8 1.1
85 46 17 0| 59 19 39274 -59.5 0.52 -59.6 14.3 2.3 1.8 1.4

=~
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Table 9. Flight 14, New Jersey F-16

(a) High Sulfur Content Fuel

Power Crossing Plume crossing Peak |\ 4o | Ambient | Temperaturg Ambient Plume Emission indices (¥ 104 kg)
setting, time width, '| temperature|enhancement, dewpoint, | enhancement,
number _ ft R o o

percent Hr [Min | Sec| Ssec C C C ppmv UF | NUF| F NF
88 1 14| 30 4 10 30399 -33.0 1.0 -45.4 107.7 87.2 4.0 1.8 1.5
88 2 14| 30| 15 10 30375 -32.8 1.3 -45.7 1355 86.9| 4.3 19 1.6
88 3 14| 38| 44 7 30506 -335 0.2 -47.5 364 17.5 2.5 1.2 1.2
88 4 14| 38| 54 10 30493 -333 2.2 -47.2 553.6 205 3.3 1.3 1.3
88 5 14| 39 5 10 30505 -33.4 0.1 -46.8 110.8 39.1| 3.2 14 1.4
88 6 14| 39| 22 23 30429 -330 4.6 -43.9 403.6 39.1 2.8 14 1.3
88 7 14| 40| 47 8 30524 -33.2 3.2 -46.2 270.6 53.5 3.8 14 1.3
88 8 14| 40| 57 8 30505 -33.2 0.1 -45.6 13.0 140.0f 4.2 1.5 14
88 9 14| 41| 16 9 30473 -33.1 0.3 -44.9 30.5 137.0f 3.7 1.6 14
88 10 14| 41| 31 5 30508 -33.2 0.2 -45.2 3.1 168.0| 3.5 14 15
88 11 14| 41| 41 11 3042( -33.0 0.6 -45.4 53.2 136.0 35 1.7 1.6
88 12 14| 41| 56 9 30435 -331 0.8 -45.5 46.2 165.0 3.7 1.6 1.6
88 13 14| 42 6 10 30430 -33.2 1.1 -45.8 47.2 169.0) 4.1 1.6 1.6
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Table 9. Concluded

(b) Standard JP-8 Fuel

Pov_ver Crossing Plumg crossing Reak Altitude Ambient Temperature Ambient Plume Emission indices (¥ 105 kg)
setting, time width, "| temperature,| enhancement, dewpoint, | enhancement,
number _ ft A o o

percent Hr |Min | Sec| sec C C C ppmv UF | NUF F NF
80 15 14| 46| 30 8 30381 -33.1 0.91 -47.1 72.4 21 2.2 1.3 1.4
80 16 14| 48| 15 20 30310 -33.0 111 -47.1 57.0 2.0 1.8 1.3 1.2
80 17 14| 48| 34 6 30377 -33.2 0.53 -46.9 36.3 3.3 2.6 1.3 1.2
80 18 14| 49| 20 9 30413 -33.1 0.13 -46.1 10.6 2.2 19 14 1.2
80 19 14| 49| 59 16 30511 -33.3 1.73 -44.6 77.4 21 21 13 1.3
90 20 14| 50| 18 7 30390 -33.1 1.13 -44.3 59.7 2.3 2.3 1.2 1.2
90 21 14| 52 6 23 30464 -32.3 13.29 -38.9 1847.9 1.8 1.8 1.0 1.0
90 22 14| 53| 50 13 30481 -33.2 1.06 -50.0 64.5 2.8 2.1 1.3 1.3
90 23 14| 54| 12 14 30459 -33.2 1.18 -44.1 57.6 2.0 1.8 1.4 1.2
90 24 14| 54| 34 10 30470 -33.2 1.59 -41.9 75.3 2.8 19 14 1.3
90 25 14| 55 7 13 30464 -33.1 0.77 -46.0 50.8 2.0 2.0 13 1.3
90 26 14| 55| 27 10 30479 -33.2 0.89 -46.5 48.5 2.2 2.0 1.3 1.3
90 27 14| 55| 42 13 30427 -33.0 0.65 -45.5 425 21 2.0 14 14
90 28 14| 56| 29 8 30366 -33.2 0.39 -47.8 31.8 25 1.9 14 1.3
90 29 14| 56| 39 10 30335 -33.0 0.46 -48.9 32.3 2.1 1.7 1.3 1.2
90 30 14| 56| 50 7 30345 -33.1 0.42 -49.5 32.8 2.0 19 1.2 1.2
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Table 10. Flight 15, New Jersey F-16

(a) High Sulfur Content Fuel

Power Crossing P|Umt5_3 crossing Peak Altitude,| Plume Ambient | Temperature ~ Ambient Plume Emission indices (¥ 1015 k)
setting, ime width, temperature|enhancement, dewpoint, | enhancement],
number i ft age A o o

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
80 1 18| 41| 39 8 35472 0.5 -45.8 0.3 -56.5 321.1 13.7 2.3 1.6 1.3
80 2 18| 41| 54 21 35417 0.9 —45.7 1.4 -56.4 336.7 18.2 2.3 1.6 1.4
80 3 18| 42| 15 18 35383 0.9 -45.6 1.4 -56.0 312.1 3.9 25 1.9 1.6
80 4 18| 42| 31 11 3537( 14 -45.4 2.6 -55.2 204.3 51.5 2.5 1.8 1.5
80 5 18| 42| 59 27 35421 1.8 -45.5 1.9 -50.0 121.1 75.3 2.6 1.8 1.6
80 6 18| 43| 21 15 35295 2.3 -45.5 0.8 -51.8 63.8 87.6/ 2.8 1.9 1.6
80 7 18| 43| 34 11 35289 2.3 -45.3 0.6 -53.0 46.5 101.5 2.6 1.8 1.5
80 8 18| 43| 52 22 35212 2.7 -45.1 0.8 -54.2 53.4 97.1 29 1.8 1.5
80 9 18| 45| 10 11 35358 1.8 -45.6 0.8 -54.1 46.6 85.9 238 2.0 1.6
80 10 18| 45| 26 9 35329 2.7 -45.4 0.8 -53.4 56.0 96.5 2.8 1.8 1.5
80 11 18| 45| 42 5 35334 2.7 -45.5 0.1 -53.3 14.9 118.3 2.8 2.3 1.5
80 12 18| 45| 57 7 35319 2.7 -45.4 0.3 -53.6 43.5 95.9 2.1 1.8 1.4
80 13 18| 46| 26 10 35274 3.6 -45.2 0.6 -54.0 43.4 94.3 2.6 2.2 1.5
80 14 18| 46| 38 11 35272 4.5 -44.8 1.3 -54.0 44.8 105.4 2.7 1.8 1.4
80 15 18| 46| 46 3 35246 54 -45.3 0.1 -54.0 4.5 149.5 15 3.6 0.7
80 16 18| 47 6 10 35275 6.3 -45.5 0.5 -54.0 15.8 143.9 2.8 2.3 1.5
80 17 18| 47| 34 7 35392 7.2 -45.7 0.4 -53.9 14.8 170.1 3.1 1.8 1.6
80 18 18| 47| 51 25 35373 8.1 -45.5 0.5 -53.6 21.7 161.2 2.5 2.1 1.8
80 19 18| 48| 11 14 35434 9.0 -45.5 0.9 -53.6 25.7 151.7 3.1 2.0 1.8
80 20 18| 49| 6 16 35216 9.0 -45.4 0.8 -53.7 23.0 1474 2.6 2.0 1.6
85 21 18| 53| 29 50 35499 0.5 -44.8 7.4 -42.6 423.8 215 26 1.7 1.6
85 22 18| 53| 59 9 35483 0.9 -45.2 3.6 -46.6 265.5 30.4 2.8 1.8 1.3
85 23 18| 54| 11 6 35519 0.9 -45.2 1.4 -49.5 159.2 39.6 2.6 1.9 1.5
85 24 18| 54| 17 4 35519 0.9 -45.4 0.1 -50.8 25.4 41.00 3.2 1.6 2.2
85 25 18| 54| 32 26 35507 1.4 -43.1 2.2 -55.4 156.7 53.9 2.9 2.2 1.9
85 26 18| 55| O 29 35318 1.8 -45.1 1.9 -57.8 123.9 734 29 2.1 1.8
85 27 18| 55| 30 8 35324 2.3 -45.2 0.5 -58.7 62.6 82.00 3.2 2.2 1.6
85 28 18| 55| 39 8 35258 2.7 -44.9 0.8 -58.9 70.9 83.7 35 2.2 1.7
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Table 10. Continued

(a) Concluded

Power Crossing P|Umt? crossing Peak Altitude, | Plume Ambient | Temperaturg ~Ambient Plume | Enmission indices (¥ 1085 k)
setting, ime width, temperature|enhancement, dewpoint, |enhancemen,
number _ ft age o o o

percent Hr |Min|Sec| sec C C C ppmv UF | NUF| F NF
88 29 18| 56 6 5 35252 3.6 -45.0 0.7 -59.4 33.7 116.0 3.9 2.0 1.6
88 30 18| 58| 28 8 35241 4.5 -45.3 0.9 -59.4 32.6 126.§ 2.9 2.0 1.6
88 31 18| 58| 38/ 10 35282 5.0 -45.4 0.6 -59.3 324 119.9 27 2.0 1.8
88 32 18| 58| 46 5 35218 54 —45.2 0.4 -59.2 30.5 107.] 2.7 2.0 1.6
88 33 18| 58| 57 10 35218 54 -45.1 1.0 -59.1 34.7 94.8 3.6 2.0 1.7
88 34 18| 59| 20 7 35343 7.2 -45.5 0.4 -58.7 21.9 184. 3.0 2.3 1.6
88 35 18| 59| 31 12 35418 7.2 -45.6 0.5 -58.4 20.8 169.6 3.0 2.0 2.1
88 62 19| 28| 21| 24 38355 0.9 -50.5 4.2 -58.5 370.9 60.§ 3.7 2.3 2.2
88 63 19| 28| 36 5 38418 0.5 -51.7 0.7 -58.2 36.3 455 3.9 3.0 4.7
88 64 19| 28| 46 5 38434 1.8 -51.8 1.4 -57.8 75.3 104.3 4.5 2.0 1.5
88 65 19| 28| 52 6 38430 2.7 -51.9 1.0 -57.5 81.0 138.3 4.4 2.1 1.7
88 66 19| 29| 9| 16 38368 2.7 -51.7 0.9 -57.2 76.6 132§ 3.1 2.1 1.8
88 67 19| 29| 24 6 38323 3.6 -51.7 0.5 -57.2 67.1 155.1 3.2 2.1 1.6
88 68 19| 29| 37/ 15 38364 4.1 -51.8 1.3 -57.3 66.0 1434 35 2.1 1.8
88 69 19| 29| 50 9 38338 5.4 -51.9 0.6 -57.5 35.8 2025 4.7 2.2 1.9
88 70 19| 30 0 5 38342 6.3 -52.0 0.5 -57.6 22.2 222.Q 3.9 24 1.5
88 71 19| 30 8 5 38370 6.8 -52.2 0.4 -57.7 23.8 186.9 4.1 2.1 1.5
88 72 19| 30 15 9 38322 7.2 -51.9 0.5 -57.9 29.7 194.7 3.7 19 2.0
88 73 19| 30| 27 12 38300 8.1 -52.0 0.6 -58.2 28.2 214.2 35 2.4 1.8
88 74 19| 30| 42| 16 38293 9.0 -51.9 0.6 -58.4 27.7 210.3 4.0 3.8 1.8
88 75 19| 31| 11} 41 38323 9.9 -51.9 0.7 -58.3 22.2 237.1 3.9 2.0
88 76 19| 32 5 61 38278 12.6 -52.0 0.6 -58.1 17.2 130.5 3.6 2.1
88 77 19| 32| 46 21 38311 14.4 -52.2 0.5 -58.0 16.1 208.4 3.0 4.4 2.0
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Table 10. Concluded

(b) JP-8 Fuel
Power Crossing Plume crossing Peak | \ . 4o | Ambient | Temperature| Ambient Plume Emission indices (¥ 1015 k)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number i ft o o o

percent Hr {Min|Sec| sec C C C ppmv UF | NUF| F NF
80 37 19 9 1 51 35028 -44.6 8.42 -50.3 435.4 2.8 2.7 2.1 1.9
80 38 19| 9| 41 13 35035 -44.9 0.78 -54.4 45.3 2.7 25 2.0 1.8
80 39 19| 9| 57 6 35092 -44.7 0.64 -56.0 42.2 25 3.1 2.0 1.6
80 40 19| 10 3 4 35022 -44.5 0.16 -56.5 29.8 24 1.9 1.5
80 41 19| 10| 24 15 35055 -44.5 0.87 -58.2 55.8 2.4 1.9 1.7
80 42 19| 10| 38 6 35004 -44.4 0.34 -58.5 53.5 25 2.8 2.1 1.6
80 43 19| 10| 44 5 35062 -44.6 0.18 -58.7 14.8 2.6 2.3 2.0 1.6
80 44 19| 11| 1 10 35009 -44.5 1.05 -58.9 46.6 2.3 5.5 2.0 1.9
80 45 19| 11f 19 6 35064 -44.5 0.77 -58.9 42.7 2.9 2.5 2.1 1.6
80 46 19| 11| 30 6 35028 -44.3 0.41 -58.9 25.3 1.8 2.6 2.0 1.7
80 47 19| 11| 40 4 34905 -44.1 0.40 -58.8 32.6 3.0 3.9 2.1
80 48 19| 12| O 5 34899 -43.9 0.18 -58.3 27.9 2.4 2.6 1.8 1.6
80 49 19| 13| 33 7 35039 -44.4 0.36 -55.5 14.2 4.1 2.0 2.0 1.5
80 50 19| 13| 46 6 34987 -44.5 0.18 -55.2 13.3 2.6 2.2 1.6 14
80 51 19| 14 13 7 35015 -44.7 0.31 -54.6 11.3 2.6 3.4 2.0 1.5
80 52 19| 14| 42 13 35001 -44.6 0.63 -53.8 27.4 7.1 3.3 2.7 1.7
80 53 19| 15 9 6 34976 -44.5 0.53 -53.4 30.0 3.1 2.7 2.0 1.7
80 54 19| 15| 29 7 35003 -44.6 0.51 -53.4 23.4 3.4 2.7 2.0 1.9
85 55 19| 17| 24 34 35062 -41.1 14.82 -36.7 2143.8 2.0 2.0 14 1.3
85 56 19| 17| 51 18 35033 -43.6 2.45 -42.5 255.8 2.4 2.3 1.8 1.4
85 57 19| 18 5 8 35017 -44.9 0.69 -45.9 65.1 2.4 2.7 2.0 2.1
85 58 19| 18| 22 21 35069 -44.0 0.95 -52.1 76.4 2.6 2.4 1.9 1.6
85 59 19| 18| 42 18 34985 -44.5 0.84 -55.2 67.9 2.2 2.2 2.0 1.5
85 60 19| 19| 9 35 34919 -44.4 0.63 -57.7 50.3 2.1 2.2 1.9 15




ve

Table 11. Flight 17, New Jersey F-16

(a) High Sulfur Content Fuel

Power Crossing P|Umt(_3 crossing Peak | \ide. | plume | Ambient | Temperaturg  Ambient Plume | Emission indices (¥ 1085 kg)
setting, Ime width, temperature{enhancement, dewpoint, |enhancemen,
number - ft age o o o

percent Hr |Min | Sec| sec C C C ppmv UF | NUF| F NF
80 1 13| 58| 19 26 29964 0.5 -22.5 13.8 -36.9 890.7 25 2.8 1.6 1.5
80 2 13| 58| 43 22 29941 0.9 -28.0 6.9 -35.9 371.7 3.0, 3.2 1.6 1.4
80 3 13| 59| 7 28 29987 14 -30.8 3.1 -43.1 211.0 6.2| 3.6 1.9 1.8
80 4 13| 59| 35 21 29890 2.3 -30.9 0.5 -46.4 42.0 25 14 12
80 5 13| 59| 56 19 29893 34 -31.0 0.9 -48.2 47.7 17.2| 27 1.6 1.4
80 6 14| o0 15 12 29969 4.1 -31.1 0.4 -49.0 234 26.2| 3.0 1.6 1.6
80 7 14| 0| 33 6 29861 4.7 -30.8 0.2 -49.5 3.7 36.2 3.1 2.1 1.3
80 8 14| 0| 50 5 29833 5.4 -30.8 0.2 -49.9 3.1 324 24 1.7 0.9
80 9 14( 1| O 7 29914 5.9 -30.9 0.5 -50.1 13.7 29.3] 31 14 1.3
80 10 14 1| 7 6 29810 6.3 -30.8 0.5 -50.2 28.3 276 3.3 14 1.2
80 11 14| 1| 23 7 29946 6.3 -31.1 0.7 -50.3 25.0 30.5 31 15 1.4
80 12 14| 1| 33 5 29812 6.8 -30.8 0.3 -50.3 25.6 29.71 35 14 1.1
80 13 14| 1| 49 10 29812 7.2 -30.7 0.3 -50.0 28.9 34.3] 35 1.6 1.4
88 15 14| 7| 35 17 30024 0.9 -23.4 7.9 -46.7 550.2 28 26 14 1.3
88 16 14| 7| 56 25 30081 14 -31.2 7.6 -36.0 500.0 3.7/ 26 14 1.4
88 17 14| 8| 30 35 29872 2.7 -31.1 2.9 -44.5 173.4 146/ 26 14 1.3
88 18 14| 12| 31 4 29905 3.6 -31.3 0.1 -46.8 12.7 243 24 0.9 0.9
88 19 14| 12| 40 10 29813 2.7 -28.8 1.9 -46.6 85.3 13.71 25 1.0 1.2
88 20 14| 12| 48 4 29760 1.8 -30.2 0.2 -46.5 148.8 59/ 1.8 1.0 1.2
88 21 14| 13| 16 37 29902 0.9 -30.8 3.7 -44.5 303.1 2.4 14 1.3
88 22 14| 13| 40 6 29832 3.2 -30.9 0.8 -44.4 70.6 152 14 1.2 0.9
88 23 14| 13| 56 15 29871 4.5 -31.0 0.6 -44.7 50.2 313 24 1.3 1.2
88 24 14| 14| 49 59 29949 54 -31.3 1.2 -46.0 40.6 40.6| 25 14 1.3
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Table 11. Concluded

(b) JP-8 Fuel
Power Crossing Plume crossing Peak | \ o 4o | Ambient | Temperature| ~Ambient Plume Emission indices (¥ 1015 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number - ft o o o

percent Hr [Min | Sec| Sec C C C ppmv UF | NUF| F NF
80 26 14| 21| 8 67 29778 -30.7 1.32 -45.4 76.3 2.2 2.9 1.6 1.6
80 27 14| 21| 48 11 29772 -30.9 0.83 -45.4 37.8 2.7 2.7 1.6 15
80 28 14| 21| 57 7 29801 -30.8 0.12 -45.6 20.0 2.3 2.7 15 1.3
85 29 14| 26| 33 30 29867 -26.3 14.29 -32.0 974.0 2.0 2.1 14 1.3
85 30 14| 27| 2 26 29885 -27.4 3.95 -40.8 410.6 2.0 1.8 1.3 1.2
85 31 14| 27| 32 34 29852 -29.6 2.65 -47.2 102.1 2.0 2.2 1.3 1.3
85 32 14| 27| 56 13 29844 -31.0 1.13 -48.4 65.3 2.3 2.1 14 14
85 33 14| 28| 56 8 29830 -31.2 0.64 -49.2 29.7 1.9 2.2 1.2 11
85 34 14| 29| 35 10 29627 -30.6 0.42 -46.4 225 2.4 2.0 1.2 1.2
85 35 14| 30| 11 8 29852 -31.1 0.58 -44.5 15.1 2.9 1.9 1.3 1.2
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Table 12. Flight 18, New Jersey F-16

(a) Medium Sulfur Content Fuel

Power Crossing P|Umt? crossing Peak Altitude,| Plume Ambient | Temperaturg ~Ambient Plume | Ermission indices (¥ 10°° kg)
setting, ime width, temperature|enhancement, dewpoint, [enhancement,
number _ ft age o o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
80 1 17| 57| 25 12 35102 0.9 -44.1 6.7 -48.1 548.5 3.1 3.2 1.9 1.8
80 2 17| 57| 50 38 35133 0.5 -44.2 4.6 -45.9 457.9 2.9 2.9 1.8 1.7
80 3 17| 58| 26 33 34990 3.2 -44.8 0.9 -47.9 50.0 6.1 2.7 1.7 15
80 4 17| 58| 52 7 35088 4.5 -45.2 0.8 -47.6 36.5 8.0 2.3 1.7 1.4
80 5 17| 59 9 9 34924 4.5 —44.7 0.6 -47.0 24.3 9.1 2.0 1.2 0.9
80 6 17| 59| 21 8 34963 4.5 -44.8 0.5 -47.1 20.7 8.4 15 11 0.9
80 7 17| 59| 29 6 35043 54 -45.0 0.5 -47.3 18.9 141 2.3 15 1.2
80 8 17| 59| 46 10 35043 54 -44.9 0.5 -47.8 16.9 12.6 2.6 14 14
80 9 18 0 1 19 34946 54 -44.6 0.6 -47.3 21.2 15.6 3.6 24 2.2
80 10 18 o 17 5 35013 6.3 -44.7 0.5 -47.3 225 16.0 3.0 1.8 14
80 11 18 0| 42 5 35012 7.2 -44.6 04 -47.6 16.9 17.0 3.2 19 1.3
80 12 18 0| 51 8 34961 8.1 -44.5 0.3 -47.7 22.3 184 2.6 1.8 1.6
80 13 18 1 3 6 35014 9.0 -44.6 0.5 -47.7 18.0 17.7 2.3 1.8 1.6
80 14 18 1] 29 8 34856 9.0 -44.8 0.6 -48.5 15.6 225 24 1.6 14
80 15 18 2| 15 6 34999 9.0 -44.8 0.2 -48.7 5.0 22.3 3.0 2.3 1.4
88 16 18 7| 48 18 34937 0.9 -40.3 114 -40.8 820.6 2.3 2.2 15 14
88 17 18 8 2 8 34940 0.9 -40.7 7.5 -39.6 477.7 25 2.6 15 1.3
88 18 18 8| 11 9 34898 0.9 -42.6 3.6 -43.9 367.2 24 2.2 14 1.2
88 19 18 8| 30 26 34915 14 -43.3 35 -51.1 2324 3.5 25 1.6 14
88 20 18 8| 48 8 34854 1.8 -44.1 04 -52.5 92.1 10.3 3.2 1.6 1.0
88 21 18 9 2 9 34827 2.3 -44.2 1.2 -53.8 83.8 8.8 2.8 1.6 1.3
88 22 18 9| 18 7 34827 2.7 -44.1 04 -53.3 39.0 12.3 2.6 1.8 1.5
88 23 18 9| 25 7 34826 3.2 -44.3 0.8 -51.5 63.2 7.2 2.3 15 1.4
88 24 18 9| 41 5 34778 3.6 -44.3 0.2 -46.7 25.1 13.3 1.9 1.8
88 25 18 9| 56 4 34849 4.5 -44.4 04 -45.1 32.1 11.7 2.5 1.6 0.9
88 26 18| 10 11 7 34759 54 -44.3 0.3 -47.5 38.0 11.7 2.1 15 1.0
88 27 18| 10 56 8 34731 11.7 -44.3 0.4 -54.1 215 21.3 2.3 1.6 1.3
88 28 18| 13| 53 4 35001 10.8 -44.6 0.5 -49.1 10.5 2.8 1.3 1.7
88 29 18| 14| 8 6 35067 54 —-45.2 0.2 -50.3 111 12.9 3.0 1.6 1.6
88 30 18| 14 25 7 34932 2.7 —44.7 0.3 -50.5 8.6 10.2 24 1.7 1.4
88 31 18| 14| 32 7 34906 1.8 -44.7 11 -49.5 7.4 5.8 2.3 1.6 1.3
88 32 18| 14| 40 6 35032 0.9 -44.9 11 -48.2 62.7 3.9 14 1.2
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Table 12. Continued

(a) Concluded

Power Crossing P|Umt? crossing Peak Altitude,| Plume Ambient | Temperaturg ~Ambient Plume | Ermission indices (¥ 105 kg)
setting, ime width, temperature|enhancement, dewpoint, [enhancement,
number i ft age R o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
88 33 18| 14| 46 5 34733 4.5 -44.0 0.6 -47.2 16.5 8.6 1.7 1.3
88 34 18| 15| 45 7 34905 54 -44.6 0.5 -49.0 2.6 9.3 1.7 1.8
80 86 18| 52| 20 13 37556 3.6 -50.3 1.8 -54.4 61.1 4.1 2.4 1.9 1.4
80 88 18| 52| 43 12 37552 6.3 -50.4 0.7 -54.4 37.4 7.1 35 1.9 1.9
80 89 18| 52| 58 6 37477 6.3 -50.1 0.6 -54.1 40.6 7.0 3.6 1.8 1.4
80 90 18| 53| 11 5 37431 8.1 -49.9 0.7 -54.1 41.1 8.9 3.3 1.9 1.3
80 91 18| 53| 19 6 37411 9.0 -50.0 0.8 -54.1 385 7.5 3.2 1.6 1.4
80 92 18| 53| 26 5 37493 9.0 -50.3 0.8 -54.2 43.3 8.8 3.1 1.8 1.3
80 93 18| 53| 32 5 37437 7.2 -50.4 0.3 -54.1 25.1 12.6 3.4 17
80 94 18| 53| 42 6 37508 6.3 -50.5 0.4 -53.9 24.2 7.8 2.8 14 1.5
80 95 18| 53| 53 6 37491 7.2 -50.1 0.3 -53.7 22.2 12.7 3.3 1.3
80 96 18| 53| 59 4 37523 8.1 -50.5 0.3 -53.6 26.5 104 3.0 15 1.6
80 97 18| 54 5 5 37529 8.6 -50.5 04 -53.5 18.3 11.4 3.0 1.8 1.3
80 98 18| 54| 14 5 37576 9.0 -50.6 0.3 -53.5 17.4 12.3 3.3 1.7 1.2
80 99 18| 54| 24 5 37554 9.9 -50.6 0.4 -53.5 18.5 14.4 3.1 1.3 1.5
80 100 18| 54| 31 6 37552 10.8 -50.5 0.4 -53.5 194 10.8 3.8 15 1.6
80 101 18| 54| 40 7 37559 11.7 -50.4 0.4 -53.5 21.8 11.5 3.0 15 1.6
80 102 18| 54| 46 4 37601 12.2 -50.6 0.2 -53.6 14.6 16.2 2.8 1.8 1.7
80 103 18| 54| 59 11 37419 13.1 =500 0.4 -53.8 14.4 16.7 4.2 15 14
80 104 18| 55| 13 7 37573 14.0 -50.3 0.4 -54.1 16.6 18.8 3.7 1.8 1.8
80 105 18| 55| 21 7 37623 15.3 -50.5 0.3 -54.3 13.0 16.4 3.5 1.9 1.6
80 106 18| 55| 33 5 37596 16.2 -50.6 0.2 -54.6 11.5 18.2 4.6 2.3 1.5
80 107 18| 55| 51 18 37669 18.0 -50.9 0.4 -54.4 12.3 11.5 3.2 2.2 1.8
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Table 12. Continued

(b) JP-8 Fuel
Pov_ver Crossing Plumg crossing Reak Altitude Ambient Temperature Ambiept Plume Emission indices (¥ 105 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number _ ft A o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
78 35 18| 18| 59 32 34921 -44.0 6.04 -40.9 414.3 2.8 2.6 1.7 1.6
78 36 18| 19| 18 6 34905 -44.0 2.59 -42.8 162.1 2.6 2.5 1.7 1.4
78 37 18| 19| 40 20 34999 -41.8 4.00 -50.1 222.6 2.8 2.7 1.8 1.7
78 38 18| 20 1 20 34916 -43.6 3.18 -44.6 165.3 3.0 3.1 1.7 1.3
78 39 18| 20| 14 5 34898 -43.8 0.68 -44.0 142.1 2.3 2.7 1.7 1.3
78 40 18| 20| 26 17 34898 -43.9 1.37 -46.6 111.5 2.7 2.6 1.8 1.7
78 41 18| 23| 14 19 34946 -43.7 4.09 -46.4 320.6 2.6 2.5 1.6 1.6
78 42 18| 23| 32 16 34882 -44.0 0.90 -45.8 78.5 24 3.0 1.9 1.6
78 43 18| 23| 59 11 34879 -44.3 0.68 -48.6 49.7 24 2.7 1.8 1.3
78 44 18| 24| 17 6 34915 -44.5 0.43 -50.0 22.7 2.7 1.5 1.6
78 45 18| 24| 49 4 34954 -44.7 0.05 -49.0 2.8 15 1.0 1.1
78 46 18| 24| 55 7 34867 -44.6 0.14 -49.0 8.5 4.0 24 2.0 1.4
78 47 18| 26| 15 5 34754 -44.6 0.07 -46.6 15.5 2.6 19 15 0.0
78 48 18| 26| 49 7 34967 -45.0 0.39 -47.6 34 2.2 24 2.2 1.8
78 49 18| 26| 59 5 34756 -44.5 0.21 -47.3 14.5 21 2.8 1.2 1.1
78 50 18| 27| 19 7 34916 -44.8 0.76 -46.8 13.3 1.5 19 0.6 0.7
78 51 18| 27| 25 5 34901 -44.8 0.09 -46.7 104 1.5 1.3 0.7 0.7
78 52 18| 27| 33 7 34793 -44.5 0.58 -46.8 27.6 3.6 3.5 21 1.9
78 53 18| 27| 43 8 34943 -44.9 0.70 -47.2 36.6 3.1 2.7 2.0 1.7
78 54 18| 27| 52 6 34824 -44.6 0.58 -47.8 34.9 3.7 3.2 1.9 1.6
78 55 18| 28| 18 7 34853 -44.6 0.71 -48.3 57.7 2.7 2.8 1.7 15
85 56 18| 29| 21 10 34917 -43.5 7.36 -47.5 538.4 2.6 2.5 1.6 1.5
85 57 18| 29| 36 19 34871 -44.3 2.53 -45.7 184.8 2.7 24 1.6 1.4
85 58 18| 29| 54 8 34845 -44.6 0.86 -47.3 69.7 2.2 2.2 1.6 1.2
85 59 18| 30| 19 6 34910 -44.9 0.67 -51.3 40.7 2.9 31 1.5 1.3
85 60 18| 30| 32 5 34893 -45.2 0.94 -52.0 335 1.3 1.8 1.5 1.1
85 61 18| 30| 41 5 34855 -45.0 0.47 -51.5 41.6 24 2.3 1.4 1.0
85 62 18| 30| 50 5 34825 -45.1 0.60 -50.6 38.4 15 1.7 1.4 0.9
85 63 18| 31| 11 4 34944 -45.1 0.14 -49.1 4.9 1.7 1.2 0.9
85 64 18| 31| 49 5 34868 -44.8 0.18 -51.6 12.3 25 21 1.5
85 65 18| 32| 12 7 34901 -44.6 0.97 -53.5 62.3 3.6 24 1.6 1.3
85 66 18| 32| 22 5 34873 -44.5 0.60 -53.7 37.2 24 1.7 15 1.2
85 67 18| 32| 52 6 34811 -44.3 0.80 -50.0 67.0 24 2.6 1.5 1.2
85 68 18| 33| 43 7 34776 -44.5 0.28 -47.6 23.0 2.2 25 15 1.2




6¢

Table 12. Concluded

(b) Concluded

Power Crossing Plume crossing Peak | | 4o | Ambient | Temperature| ~Ambient Plume Emission indices (¥ 1015 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number _ ft o o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
85 69 18| 33| 59 16 34804 -44.4 0.40 -46.4 26.6 2.1 2.1 15 14
85 70 18| 34| 22 5 34750 -44.4 0.09 -47.5 3.9 1.8 2.6 1.8 15
85 71 18| 35| 4 24 34824 -44.5 0.43 -51.3 15.8 2.6 21 1.7 1.6
85 72 18| 35| 33 13 34637 -44.1 0.62 -50.0 11.7 2.3 2.6 1.7 15
85 73 18| 36| 9 20 34894 -45.5 1.31 -50.8 9.9 2.2 2.6 1.8 1.7
85 74 18| 36| 41 10 34684 -44.2 0.42 -50.9 10.3 34 24 14 15
85 75 18| 44| 2 5 37882 -51.6 0.13 -54.3 8.2 3.3 15 11
85 76 18| 44| 19 15 37841 -51.4 0.98 -53.9 28.6 3.0 2.4 1.7 1.3
85 77 18| 44| 41 5 37802 -51.1 0.16 -54.1 42.4 3.3 2.2 15
85 78 18| 44| 48 4 37930 -51.2 0.85 -54.3 54.0 25 1.8 1.6
85 79 18| 45| 6 8 37876 -51.0 0.56 -54.9 36.3 3.1 2.9 1.9 14
85 80 18| 45| 22 6 37803 -50.9 0.84 -55.2 47.8 2.6 2.9 15 15
85 81 18| 45| 40 10 37825 -50.7 0.81 -55.1 56.2 2.9 1.7 15
85 82 18| 45| 50 9 37854 -50.8 0.52 -54.9 35.5 1.7 0.7
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Table 13. Flight 19, New Jersey F-16

(a) Low Sulfur Content Fuel

Power Crossing P|Umt? crossing Peak Altitude,| Plume Ambient | Temperature ~Ambient Plume | Ermission indices (¥ 105 kg)
setting, ime width, temperature|enhancement, dewpoint, |enhancement,
number i ft age R o o

percent Hr [Min|Sec| sec C C C ppmv UF | NUF| F NF
80 3 13| 55 7 39 35083 0.9 —45.7 1.6 -47.6 106.2 2.9 2.8 1.9 1.9
80 4 13| 57| 38 27 34866 7.2 -45.6 0.7 -49.4 31.3 3.7 3.1 1.9 1.9
80 6 14 4| 26 12 34511 15.3 —44.7 0.4 -48.5 12.8 3.9 3.0 1.8 1.7
80 7 14 8| 40 20 34869 1.8 -45.6 2.6 -49.0 411.9 2.8 3.0 1.8 1.7
80 8 14 9 4 28 34753 2.7 -45.6 14 -47.6 91.7 14 14
80 9 14| 10 2 10 34732 3.6 -45.6 0.7 -48.8 51.4 2.2 1.9 15
80 10 14| 10| 13 7 34785 3.6 -45.8 0.8 -48.4 38.9 3.0 3.3 1.8 15
80 11 14| 10| 57 8 34832 6.3 -45.6 0.5 -46.9 27.7 2.9 2.8 15 1.6
88 14 14| 14| 54 31 34845 0.9 -45.6 4.4 -44.5 314.8 2.8 1.8 1.7
88 15 14| 15| 25 15 3483C 1.8 -46.0 1.2 -46.1 75.2 3.6 2.6 1.7 1.5
88 16 14| 15| 36 6 34842 2.7 -45.8 0.3 -46.9 34.7 2.6 2.6 1.7 1.3
88 17 14| 15 51 17 34795 3.2 -45.7 0.9 -48.9 60.4 3.0 3.2 1.7 1.4
88 18 14| 16 7 9 34849 4.5 -45.7 1.0 -49.6 54.3 3.0 2.7 1.7 1.5
88 19 14| 16| 19 4 34891 6.3 -45.8 0.3 -49.8 19.1 6.1 25 2.1 1.1
88 21 14| 16| 44 4 34808 8.1 -45.7 0.3 -49.0 15.9 5.2 2.0 14
88 22 14| 19| 17 5 34947 6.3 -46.2 0.4 -49.1 21.7 2.1 1.1 1.3 1.2
88 23 14| 19| 31 6 34884 4.5 -46.0 0.3 -49.1 27.2 34 3.9 2.2 2.0
88 24 14| 20| 26 13 34795 1.8 -45.8 0.7 -48.6 56.7 2.7 2.8 1.7 1.6
88 25 14| 21| 33 20 34911 0.9 -45.1 5.6 -45.8 450.3 2.4 2.8 15 1.6
88 26 14| 21| 51 16 34790 1.4 -45.5 1.0 —44.5 71.1 2.6 3.2 1.6 1.4
88 27 14| 22| 13 7 34721 2.7 -45.5 0.8 -45.7 67.4 1.9 2.8 15 1.3
88 28 14| 22| 27 7 34606 3.6 -45.4 11 -47.3 65.2 3.7 4.2 1.7 1.4
88 29 14| 23 8 7 34557 5.0 -45.4 0.5 -51.5 31.7 3.0 2.8 1.6 1.5
88 30 14| 23| 27 8 34866 54 -45.9 0.7 -52.8 32.1 4.1 2.5 1.7 1.5
88 31 14| 23| 36 7 34732 6.3 -45.7 0.5 -53.2 34.1 2.7 2.6 1.6 1.4
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Table 13. Concluded

(b) JP-8 Fuel
Power Crossing PIumg crossing P_eak Altitude Ambient Temperature Ambie_nt Plume Emission indices (¥ 10 kg)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number - ft o o o

percent Hr |Min | Sec| Ssec C C C ppmv UF | NUF F NF
80 33 14| 30| 5| 18 34881 -45.7 1.07 -46.3 66.7 2.8 2.6 2.0 1.7
80 34 14| 30| 37 12 34926 -46.1 0.71 -47.5 40.7 2.1 2.2 1.8 1.6
80 35 14| 30| 54/ 11 34956 -46.1 0.60 -48.3 318 2.4 25 1.7 1.3
80 36 14| 31| 3 7 34967 -46.2 0.28 -48.5 11.6 2.9 23 2.0 14
80 37 14| 31| 13 6 34830 -46.0 0.44 -48.5 21.0 2.9 3.0 23 1.9
80 38 14| 31| 22 8 35039 -46.4 0.66 -48.3 23.9 2.8 3.2 23 1.9
80 39 14| 31| 31 6 34902 -46.1 0.42 -48.1 20.1 3.8 2.9 2.2 1.7
80 40 14| 31| 48 5 34948 -46.3 0.42 -47.5 18.0 3.7 3.0 2.2 1.6
80 41 14| 31| 57 4 34817 -46.2 0.24 -47.3 13.5 2.7 2.2 1.9 0.0
80 42 14| 32| 7 4 34808 -46.2 0.32 -47.0 4.0 3.9 6.9 14 1.3
80 43 14| 32| 17 5 34785 -46.0 0.20 -47.0 14.1 2.6 2.0 2.0 1.3
80 44 14| 32| 30, 10 34812 -45.9 0.40 -47.3 14.1 2.9 1.9 2.0 15
85 45 14| 39| 33 7 35004 -46.8 2.61 -51.5 265.8 2.3 2.1 1.8 1.3
85 46 14| 39| 52 9 35059 -46.9 0.49 -51.7 9.4 2.0
85 47 14| 41| 12| 14 34848 -45.8 1.49 -52.7 491.8 24 2.3 1.7 1.4
85 48 14| 41| 26 5 34911 -46.0 0.13 -52.7 16.6 2.1 23 2.1 1.3
85 49 14| 41| 33 9 34824 -45.8 2.16 -52.6 250.8 2.3 2.3 1.8 1.3
85 50 14| 41| 53] 26 34895 -45.7 2.98 -51.0 2225 25 25 1.9 1.6
85 51 14| 42| 11 5 34988 -46.0 0.51 -50.9 36.2 2.6 24 1.8 1.0
85 52 14| 42| 20, 11 34905 -46.0 0.61 -51.3 45.1 2.7 2.6 1.8 1.7
85 53 14| 42| 29 6 34924 -45.8 0.94 -51.7 60.7 2.3 1.9 1.7 1.2
85 54 14| 42| 41 7 34961 -45.9 0.99 -52.6 61.6 2.2 2.0 1.8 14
85 55 14| 42| 54 16 34853 -45.8 0.46 -54.0 46.2 2.2 2.2 1.7 1.3
85 56 14| 43| 11 8 34963 -46.0 0.82 -54.9 45.3 2.6 2.2 1.8 1.6
85 57 14| 43| 24 6 34931 -46.1 0.50 -55.5 255 24 2.9 1.7 1.3
85 58 14| 43| 45 8 34944 -46.2 0.17 -56.4 3.0 23 15 1.2
85 59 14| 45| 52 5 34739 -45.6 0.49 -48.0 37.2 4.6 3.9 1.8 1.3
85 60 14| 46| 14 5 35086 -46.1 0.95 -46.6 56.7 2.1 24 1.8 11
85 61 14| 46| 26 5 35014 -46.0 1.10 -47.2 47.7 3.9 6.3 1.7 1.3
85 62 14| 46| 35 6 34954 -45.8 0.96 -47.9 64.1 2.4 2.3 1.7 1.3
85 63 14| 46| 43 6 34956 -45.9 0.96 -48.6 59.3 2.0 2.1 1.7 11
85 64 14| 46| 52 5 34826 -45.7 0.95 -49.2 60.2 3.4 3.0 1.9 14
85 65 14| 47| 32 6 34863 -46.0 0.39 -51.5 22.3 1.8 1.9 1.7 1.3
85 66 14| 47| 59 6 34955 -46.0 0.28 -53.1 13.8 2.6 1.8 1.6 1.3
85 67 14| 48| 33 10 34842 -46.6 0.68 -54.9 17.1 2.3 2.7 1.7 1.6




(A3

Table 14. Flight 20, New Jersey F-16

(a) Low Sulfur Content Fuel

Power Crossing P|Umt? crossing Peak Altitude,| Plume Ambient | Temperature ~Ambient Plume | Ermission indices (¥ 105 kg)
setting, ime width, temperature|enhancement, dewpoint, |enhancement,
number _ ft age o o o

percent Hr [Min|Sec| sec c c c ppmv UF | NUF| F NF
80 3 18 0| 53 15 29941 0.9 -30.5 21 -50.5 270.7 3.3 2.6 19 1.2
80 4 18 1 8 12 29958 1.8 =324 1.6 -50.5 128.6 2.7 2.2 1.6 1.0
80 5 18 1| 22 15 29889 2.7 -32.8 1.0 -50.6 58.7 34 2.7 1.6 1.1
80 6 18 1| 36 11 29894 3.2 -33.0 11 -50.8 48.8 33 2.8 15 1.0
80 7 18| 1| 49 6 29930 3.6 -33.2 0.5 -51.1 23.8 25 21 1.3 0.8
80 8 18 1] 59 6 29947 4.1 -33.3 04 -51.3 26.3 2.8 21 1.3 0.9
80 9 18 2 7 6 29883 4.5 -33.1 0.3 -514 20.8 24 29 1.2 1.0
80 10 18 2\ 27 21 29881 54 -33.1 0.5 -51.6 31.3 3.0 2.3 1.7 1.2
80 11 18 2| 45 6 29919 5.9 -33.2 0.5 -51.7 25.2 3.0 2.7 1.6 1.1
80 12 18| 2| 58 5 29928 6.3 -33.2 0.2 -51.8 5.4 1.8 14 0.9
80 13 18 3| 51 12 29752 8.1 -32.9 0.6 -52.2 211 3.0 25 1.6 1.1
80 14 18 7] 11 27 29901 0.9 -32.5 5.2 -52.9 403.9 3.1 25 1.7 1.2
80 15 18 7| 35 11 29887 2.7 -32.7 0.8 -53.1 66.0 2.9 25 1.6 1.2
80 16 18 8 4 7 29837 54 -32.6 04 -53.5 324 31 24 1.6 1.3
80 17 18 8| 49 8 29712 11.7 -32.6 0.3 -53.9 16.7 25 24 1.7 1.2
80 18 18 9l 13 7 29785 13.5 -32.9 04 -54.1 15.3 2.2 2.6 15 1.2
88 20 18| 15| 6| 20 30027 0.9 -32.0 6.9 -38.9 396.5 2.6 2.1 1.6 1.2
88 21 18| 15| 32 31 30003 1.8 -33.4 31 -47.7 192.0 2.7 21 15 1.2
88 22 18| 15| 55 6 29994 2.7 -33.3 0.9 -49.4 60.0 24 24 1.2 1.2
88 23 18| 16 2 7 30047 2.7 -33.5 1.2 -50.5 56.5 24 21 14 1.2
88 24 18| 16| 14 7 29974 3.6 -33.4 0.9 -51.7 74.2 2.7 2.6 1.3 1.1
88 25 18| 16| 33 7 29940 3.6 -33.5 0.7 -53.1 56.0 2.4 1.8 1.3 11
88 26 18| 17 8 8 29893 4.5 -33.1 0.5 -54.6 48.2 2.9 2.3 14 1.2
88 27 18| 19| 17 4 29949 8.1 -33.3 04 -55.7 221 1.6 2.0 0.9 1.4
88 28 18| 22 4 19 29965 0.9 -26.7 7.5 -52.3 811.5 2.3 1.7 14 1.1
88 29 18| 22| 21 15 29955 1.4 -32.2 3.3 -42.1 342.9 2.6 21 1.7 1.3
88 30 18| 22| 46 32 29964 2.7 -33.3 21 -49.8 98.4 24 11 1.2
88 31 18| 23| 12 7 30023 5.0 -33.8 0.3 -51.7 4.0 1.1 1.2
88 32 18| 24| 14 5 29864 6.3 -33.2 0.7 -554 39.3 2.2 1.8 11 1.4
88 33 18| 24| 28 5 29933 5.4 -33.0 0.8 -55.6 44.5 1.8 1.5 1.2 15
88 34 18| 24| 40 6 30049 54 -33.2 0.7 -55.9 35.2 3.0 21 14 1.6
88 35 18| 24| 55 5 29947 5.9 -32.9 0.5 -56.0 333 2.2 14 11 1.3
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Table 14. Concluded

(b) JP-8 Fuel
Power Crossing Plume crossing Peak | \ . 4o | Ambient | Temperature| ~Ambient Plume Emission indices (¥ 101 k)
setting, time width, | temperature,| enhancement, dewpoint, | enhancement,
number i ft o o o

percent Hr {Min|Sec| sec C C C ppmv UF | NUF| F NF
88 50 18| 41| 17 13 29775 -32.5 4.64 -55.2 254.3 2.2 2.4 1.7 1.7
88 51 18| 41| 39 22 29716 -32.3 1.27 -54.5 75.4 2.3 2.7 1.7 1.5
88 52 18| 42 1 19 29705 -32.2 1.05 -54.3 71.8 2.3 2.5 1.7 1.7
88 53 18| 42| 21 11 29695 -32.4 1.01 -54.4 65.2 2.8 2.5 1.6 1.6
88 54 18| 42| 38 18 29769 -32.1 0.71 -54.4 49.0 2.3 2.5 1.6 1.7
88 55 18| 42| 54 12 29781 -32.9 0.80 -54.4 34.6 2.2 2.3 1.7 1.8
88 56 18| 43| 20 12 29603 -32.6 0.64 -54.5 35.0 2.3 2.2 1.7 1.6
88 57 18| 44| 27 6 29743 -33.0 0.27 -54.9 16.2 2.1 2.7 1.7 14
88 58 18| 44| 51 7 29636 -32.8 0.39 -55.2 114 2.1 1.7 1.5 1.5
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Table 15. Summary of F-16 Observations

Flight | Source | Aircraft Power Altitude, Ambient Dewpoint, Number oral UF EI (1x 10'/kg) No(rlv: lfgllglf I; | Total F EI (1x 10'kg) N?lnzollzltlé/ekF)El
number aircraft fuel setting, ft temperature, °C O.f 9 9
percent °C points [ Avg | Med Std| Avg| Med| Std| Avg| Med| Std| Avg Med St
5 NJANG-1 JP-8 70 25737 -26.3 -31.2 10 22.6 6.1 31.2 5.1 5P 1.4 2(1 2.4 Q.8 1.9 4.3
5 NJANG-1 JP-8 78 29714 -36.4 -40.0 16 5.8 5.8 0.5 5.6 57 0.7 22 2|3 0.2 2|1 2.2 a
5 NJANG-1 JP-8 83 25273 -24.6 -30.6 13 57 5.8 0.5 5.4 5.4 0.4 24 2|5 Q.2 1|9 2.0 a
5 NJANG-1 JP-8 90 23924 -21.7 -26.5 15 4.8 4.8 0.7 4. 3.9 0.7 19 119 Q.2 1|6 15 a
6 VANG-1 | JP-8+100] 78 29867 -39.8 -51.8 3 6.1 6.4 0.6 4.3 4.4 0.4 18 1|8 o1 1/6 17 (0
6 VANG-1 | JP-8+100] 78 34964 -50.8 -55.9 11 44.6 34.4 30.2 3.9 3.B 0./ 212 2.3 0.2 1.7 1.8
6 VANG-2 | JP-8+100] 78 29874 -40.0 -52.0 13 7.5 6.9 1.6 5.1 4.8 0.8 23 2|3 Q.2 2|4 2.5 q
6 VANG-2 | JP-8+100] 78 34752 -50.8 -54.8 10 16.5 8.1 21.8 4.7 5.1 1.8 2|6 2.8 0.6 2.3 4.5
6 VANG-3 | JP-8+100] 78 29912 -40.0 -49.0 12 142.9 62.1] 187.1 7.p 61 54 14.6 2.7 18.4 2.6 P.6
6 VANG-3 | JP-8+100] 78 34813 -50.6 -54.0 10 20.2 11.1 14.9 5.8 54 1.p 311 3.0 0.5 2.8 2.9
6 VANG-1 | JP-8+100] 85 34353 -50.0 -54.7 5 111 11.2 3.7 4.4 4.¥ 0.9 2)2 212 g.2 211 2.2 (
6 VANG-1 | JP-8+100] 88 30016 -40.6 49.9 9 9.3 9.3 1.4 3.7 3.8 0.8 118 1.8 0.1 1.8 1.8
6 VANG-2 | JP-8+100 88 29911 -40.2 -48.0 9 8.2 8.6 1.1 4.9 4.4 0.4 2.2 212 02 2|1 210 q
6 VANG-3 | JP-8+100 88 29857 -40.0 -48.0 8 51.2 33.8 48.1 55 5.p 1L 2[5 2.5 Q.4 2.4 4.3
6 VANG-3 | JP-8+100 90 34742 -50.8 -53.8 13 21.3 12.3 17.1 51 4.8 0.p 311 3.1 0.2 2.7 2.7
6 VANG-3 | JP-8+100( 100 34883 -51.2 -54.5 9 634.9] 630.0 135. 749 76|00 370 258.3 251.0 100.5 2.6 1.9
7 VANG-4 | JP-8+100] 78 295248 -38.1 -42.1 6 16.3 15.3 5.2 3.8 3.8 0.5 1l6 116 g.2 147 1.6 (
7 VANG-4 | JP-8+100] 78 34597 -49.7 -53.2 1 4.7 4.7 0.0 4.0 4. 0. 24 2[1 0.0 2]1 211 (0
7 VANG-5 | JP-8+100 78 2995( -39.4 -41.1 8 6.5 6.3 1.6 4.9 4.7 0.9 2b 2(5 o5 215 213 (0
7 VANG-4 | JP-8+100] 88 29556 -38.3 -42.7 2 62.9 62.9 0.0 3.8 3.8 0.5 0J8 08 11 115 1.5 q
7 VANG-5 | JP-8+100] 88 29794 -39.0 -42.5 7 23.6 16.3 14.1 4.9 4.9 0.6 2|5 25 Q.2 2.4 4.2
10 NJANG-2 JP-8 78 27704 -29.0 -39.3 2 2.4 2.4 0.7 2.6 2.4 0.5 17 1|7 0.6 1{4 14 Q
10 NJANG-2 JP-8 83 2938¢ -32.5 -40.6 11 2.8 2.9 0.3 2.9 3. 0.8 2{0 2|11 Q.2 1|5 15 q
10 NJANG-2 JP-8 85 38644 -58.0 -59.4 23 129.6 4.3 178.2 116 36 11)9 48.6 2.8 78.1 p.4 .7
10 NJANG-2 JP-8 90 2927 -32.5 -41.7 7 2.7 2.7 0.3 2.4 2.3 0.2 16 17 01 1/3 1.3 q
14 NJANG-3| HighS 80 30462 -33.2 -45.8 13 96.8 87.2 58.3 3.6 3. 0.p 1{5 1.5 0.2 1.4 14
14 NJANG-4 JP-8 80 30394 -33.1 -46.4 5 2.3 2.1 0.5 2.1 2.1 0.3 13 13 o1 1{3 1.2 q
14 NJANG-4 JP-8 88 30424 -33.0 -45.8 11 2.2 2.1 0.3 2.0 1.9 0.2 13 113 0.1 1|3 1.3 a
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Table 15. Concluded

GE

Flight | Source | Aircraft | POe" |attitude,| AP | pewpoint,| NUMPETotal UF EI (1x 10kg) No(riv:(J lfgllglltﬂ; B Itotal F E1 (1x 109kg) NEJln\;ollsétllEI;;akF)El
numbet aircraft fuel settlng, ft temperature, e qf g g

percent °C points [ Avg | Med Std| Avg| Med| Std| Avg| Med Std] Avg Med Std

15 NJANG-3 High S 80 35334 -454 -53.9 20 99.9 96.8 46.2 2.6 2.6 0.4 2.0 19 0|4 1.5 15

15 NJANG-3| HighS 80 38344 -51.8 -57.8 14 161.7( 171.Q 57.6 3.8 38 0.b 25 2|2 0.7 2.0 1.8

15 NJANG-4 JP-8 80 35012 -445 -56.2 18 3.0 2.6 1.2 2.9 2.6 0.4 2. 2.0 0.2 1|6 16 q

15 NJANG-3| HighS 85 3536( -45.1 -55.6 15 89.6 83.7 48.8 3.0 2.8 0.4 2.0 2{0 02 1.7 1.6

15 | NJANG-4| JP-8 88 | 35014 -43.8 -48.4 6 23| 23 02 29 22 04 18 19 op 16 U5 Q.

17 NJANG-3 Med S 80 2989% -30.0 -46.9 13 22.9 28.5 12.4 31 3L 0.4 1.6 116 02 1.3 14

17 | NJANG-4| JP-8 80 | 29784 -30.8 -45.5 3 24| 23/ 02 =24 27 o1 1% 16 op 15 15 Q.

17 NJANG-4 JP-8 88 29822 -29.6 -44.1 7 2.2 2.0 0.3 2.0 2.1 0.7 1.3 1.8 o.p 12 112 Q.

17 NJANG-3| Med S 90 29901 -30.0 -44.7 10 16.9 14.6 12.9 2.8 2.b 0.4 1.p 13 0|2 1.2 1.3

18 | NJANG-3| MedS 80 | 35006 -44.7 -47.6 15 129| 141 64 26 26 05 1y 18 03 14 14 :K

18 NJANG-3| Med S 80 3753 -50.4 -53.9 21 11.7 11.5 4.Q 3.3 3.B 0.5 1.7 1.8 0|3 15 15

18 NJANG-4 JP-8 80 3489 -44.2 -46.8 21 2.7 2.6 0.7 2.6 2.7 0.5 1.6 1.y 04 114 145 a

18 NJANG-3| Med S 88 3488 -43.9 -48.6 19 8.8 9.1 4.9 2.5 2.5 0.3 1.6 1.6 01 1|3 143 q

18 NJANG-4 JP-8 88 3483 -44.6 -49.9 19 2.4 2.4 0.6 2.3 2.4 0.4 1.5 1.5 (OX 113 143 q

18 NJANG-4 JP-8 88 37852 -51.1 -54.6 8 2.9 3.0 0.3 2.9 2.4 0.6 1.5 1.6 0.8 14 14 Qq

19 NJANG-3 Low S 80 34804 -45.5 -48.3 8 3.1 2.9 0.6} 3.0 3. 0.2 1.7 1.8 0.p 1{7 16 (0

19 | NJANG-4| JP-8 80 | 34889 -46.1 -47.6 12 30/ 29/ o084 29 26 13 2 20 oB 14 145 @

19 | NJANG-3| Low$S 88 | 34804 -45.7 -48.4 17 33| 30/ 11 28 28 o1 17 1f o 15 14

19 NJANG-4 JP-8 88 34924 -46.0 -51.6 23 2.6 2.4 0.7] 2.4 2.3 1. 1. 1.8 0f1 1|3 1.3 @

20 NJANG-3 Low S 80 298784 -32.8 -51.9 16 2.9 3.0 0.3 2.4 2.5 0.3 1.5 1.6 0.2 11 141 a

20 NJANG-3 Low S 88 29970 -32.7 -51.3 16 2.4 2.4 0.4 2.0 2.1 0.3 1. 1.8 0.2 1|3 142 a

20 NJANG-4 JP-8 88 29714 -32.5 -54.6 9 2.3 2.3 0.2 2.4 2.5 0.3 1. 1.y 0.n 1/6 16 q

P NEPNMNNOAONNONDMOOODPRPR

S S—=o°
N WRRON N



9€

Figure 1. Photograph of the Wallops Flight Facility T-39 aircraft with attached underwing aerosol probes and cabin-t@gmdéraselgas inlets.
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Figure 2. Photograph showing the shrouded inlet (left) and ram air inlet (right) used to sample aerosols and trace gagely, sperd the T-39.
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Figure 3. Response curves for the ultrafine and fine CN counters under simulated flight conditions (160 Torr pressure).
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Figure 4. Example time series of aerosol and carbon dioxide concentration fluctuations during near-field aircraft plume
sampling.
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Figure 5(a). Histogram of all UF El's recorded during the SNIF-IIl mission, excluding cases where afterburners were used.
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Figure 5(b). Histogram of all NF aerosol El's recorded during SNIF-III.
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Figure 6. NUF and NF El's for the F-16 aircraft sampled during SNIF-IIl. The first five aircraft were operated by VANG
whereas 6 through 9 were NJANG aircraft.
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Figure 7. Nonvolatile aerosol emissions from the F-16 which burned standard JP-8 fuel during the first six S flights. In these
box and whisker plots, the boxes enclose the two inner-quartiles of data while the lines extend from the 5th to 95tls percentile
of the data.
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Figure 8. Nonvolatile aerosol emissions as a function of engine power setting as recorded on flight 6.
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Figure 9. F-16 nonvolatile emissions plotted as a function of flight altitude.
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Figure 10. Nonvolatile aerosol emissions as a function of plume dilution as represented by the peak enhancement of CO
observed within the plume.
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Figure 11. Randomized distribution of total aerosol emissions for all F-16 plume crossings.
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Figure 12. Plume crossings recorded during flight 6 showing the dramatic impact of afterburner ignition upon the aircraft aero-
sol production.
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Figure 13. Aerosol emissions from the NJANG F-16 burning high, medium, and low S content fuels.
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Figure 14. Aerosol emissions from the NJANG F-16 burning JP-8 fuel.
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Figure 15. Peak UF number densities within plumes from the aircraft plotted against peak NUF nhumber densities.
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Figure 16. NUF El plotted versus plume age for the F-16.
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Figure 17. Plot of UF El versus plume age for the F-16.
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Figure 17. Continued.
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Figure 17. Continued.
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